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PHOSPHORUS CONTAINING COMPOUNDS AS INHIBITORS OF RETROVIRUSES 

FIELD OF THE INVENTION 
The present invention relates to compounds useful for inhibiting a retrovirus in a human 
cell infected with said retrovirus. More particularly, the present invention provides peptides 
5 having at least one Oi,hosphate raoijoester or diester. and certain parent peptides thereof. 

BACKGROUND OF THE INVENTION 
An estimated one to one and onUalf mflllon people in the United States are infected 
with a human retrovirus, the human immunodeficiency virus type I, HIV-1. which is the 
etiological agent of acquired inmnmodefidency iyndiome. AIDS (C. Norman. Science. 661- 
10 662 (1986)). Of those infected, an estimated two hundred and fifty thousands people will 
develop AIDS in the next five years a.W. Curran. et al.. Science. 1352-1357 (1985)). On 
March 20. 1987. the FDA approved the use of the compound, zidovudine (AZT). to treat AIDS 
patients with a recent initial episode of Pneumocystis cartaii pneumonia. AIDS patients with 
conditions other than Pneumocystis carinii pneumom-a or patients infected with the virus with an 
15 absolute CD4 lymphocyte count of less than 200/mm3 in the peripheral blood. AZTisa 
Icnown inhibitor of viral reverse transcriptase, an enzyme necessary for human immmio- 
deficiency virus replication. 

U.S. Patent 4.724,232 claims a method of treating humans having acquired 
immunodeficiency syndrome utilizing 3"-azido-3--deoxy-thymidine (azidothymidine. AZT). 
20 Since the first description of the malady in the early part of this decade, acquired 

immunodeficiency disease syndrome (AIDS) and its devastating consequences have been 
subjects of continuous and intense coverage in both the lay and scientific press. Indeed, a 
recent edition of Scientific American was entirely devoted to AIDS (Scientific American 289. 
#4 (1988)), and the literature on the disease and the virus is already so vast as to defy thorough 
25 citation. At present, 3'-a2ido-3*-deoxythymidine (AZI^. an inhibitor of the viral reverse 
transcriptase (RT). remains the therapy of choice, despite its highly toxic side effects. 

Human immunodeficiency virus (HIV) has long been recognized as the causative agent 
in AIDS, although a minority opinion to die contrary has been expressed (e.g.. P. Duesberg, 
Proc. Nati. Acad. Sd.. USA. 86:755-764 (1989)). Sequence analysis of the complete genomes 
30 from several infective and non-infective HIV-isolates has shed considerable light on tiie make- 
up of die virus and the types of molecules that are essential for its replication and maturation to 
an infective spedes (L. Ratner. et al.. Nature. 313:277-284 (1985)). HIV exhibits the same 
gag/pol/env organization seen in other retroviruses (L. Ratner, et al.. Nature. Jl3:277-284 
(1985)); S. Wain-Hobson, et al., Cell, 40:9-17 (1985); R. Sanchcz-Pescador. et al., Science. 
35 227:484-«92 (1985); and M.A. Muesing. et al.. Nanire. 313: 450-458 (1985)). 

Reverse transcriptase (RT) Is an enzyme unique to retroviruses tiiat catalyzes the 
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conversionofviralRNAintodoublestrandedDNA. Blockage at any point during the tnm- 
scription process, by AZT or any other aberrant deoxynudeosfde triphosphate Incapable of 
elongation, should have dramatic consequences relative to viral replication. Much worlc on the 
RT target is in progress based, in laige measure, upon the fact that mideosides lite AZT are 
5 easily delivered to cells. Howeverf, the mefficiency of phosphorylation steps to the 

triphosphate, and the lack of speclficitjir and consequent toxicity, constitute major drawbacks to 

use of AZT and similar nucleosides having a blocked, or missing. 3'hydroxyl group. 

Hie T4 cell receptor for HIV. the soiled CD4 molecule, has also been targeted as an 
intervention point in ADDS therapy ( R.A. Fisher, et al.. Nature. 331:76-78 (1988); R.E 
10 Hussey. et al.. Nature. 331:78-81 (1988); and K.C. Deen. et al.. Nature. 331:82-84 (1988)). 
nie exterior portion of this transmembrane protein, a molecule of 371 ammo acids (sCD4) has 
been expressed in Chinese hamster ovary (CHO) cells and Genemech ( D.H. Smith, et al 
Science. 238:1704-1707 (1987)) has had a product in clinical trials since the fall of 1987. 'iTius 
far. little information on .efficacy is available beyond the fact that the recombinant sCD4 
IS appears to be relatively non-toxic. n,e idea behind CD4 based therapy is that the molecules 
can neutralize HIV by interfering with viral attachment to T4. and other cells which express 
CD4 on their surfaces. A variant on this theme is to attach cell toxins to CD4 for specific 
binding and delivery to infected cells which display glycoprotem gp-120 on their surfaces ( 
M.A. Till, et al.. Science. 242:116^:1168 (1988); and V.K. Chaudhary. et al.. Nature 
20 335:369-372 (1988)). 

Another therapeutic target in AIDS involves inhibition of the viral protease (or 
proteinase) that is essential for processing HlV-fusion polypeptide precursors. In HIV and 

. «everalod,erretroviruses.theproteolyticmaturationof4egagandgag/polfi«ionpol^^^^ 
(a process indispensable for generation of infective viral particles) has been shown to be 

25 mediated by a protease that is. itself, encoded by the pol region of the viral genome (Y. 
Yoshinaka. et al.. Proc. Nad. Acad. Sci. USA. 82:1618-1622 (1985); Y. Yoshinaka. et al., J 
Virol.. 55:870-873 (1985); Y. Yoshinaka. et al.. J. Virol.. 57:826-832 (1986); and K. von der 
Helm. Proc. Nad. Acad. Sci.. USA, 74:911-915 (1977)). 

TTie protease (or proteinase), consisting of only 99 amino acids, is among tiie smallest • 
30 Mzymes known, and Its demonstntted homology to aspartyl proteases sudi- asp 4 

(L.H. Pearl and WJL Taylor. Nature. 329: 351-354 (1987); and LKatoh.etal.. Nature. ' * 
329:654-656 (1987)). led to inferences regarding tiie threwllmensional structure and 
mechanism of tiie enzyme (L.H. Pe^ and W.R. Taylor. Nature, 329:351-354 (1987)) that 
have since been borne out experimentally. Active HIV protease has been expressed in bacteria 
35 (see. e.g.. P.L. Darte. et al.. I. Biol. Chem.. 264:2307-2312 (1989)) and chemically syntfie- 
sized (J. Schneider and S.B. Kent. Cell. 54:363-368 (1988); and R.F. Nutt. et al.. Proc. Natl. 
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Acad. Sci., USA. 85:7129-7133 (1988)). Site directed mutagenesis (PX. Darlce. et al J 
Biol. Chcm.. 264: 2307-2312 (1989); and N.E. Kohl, et al.. Proc. Natl. Acad. Sci.. USA. 
85:4686-»690 (1988) and pepstatin inhibition (P.L. Darke, et al.. J. Biol. Chem.. 264:2307- 
2312 (1989): S. Scelmeier. et al.. Pioc. Natl. Acad. Sci.. USA. 85:6612^16 (1988); C.-Z. 
5 Giam and I. Borsos. J. Biol. Chem.;^63:14617-14720 (1988); and J. Hansen, et al.. EMBO 
J.. 7:1785-1791 (1988)) have provided evidence for HIV protease's mechanistic function as an 
aspartyl protease. A recent study has demonstrated that the protease cleaves at die sites 
expected in peptides modeled after die n^ions actually cleaved by the enzyme in the gag and 

pol precursor proteins during viral maturation (P:l. Darke, et al.. Blochem. Biophys. Res. 
10 Communs.. 156:297-303 (1988)). X-ray crystaUographic analysis of the HlV-protease (M.A. 
Navia. et al., Nature. 337:615-620 (1989)) and a related retroviral enzyme ftom Rous sarcoma 
vims (M. Miller, et al.. Nature. 337:576-579 (1989)) reveal an active site ia the protease dimer 
that is identical to that seen in other aspartyl proteases, thus supporting the supposition (L.H. 
Pearl and W.R. Taylor. Nature. 329:351-354 (1987)) that the HIV enzyme is active as a dimer. 
15 To date, the scientific search for a fully effective and safe means of inhibiting . 

retroviruses in a human hosting such a vims, and thereby effectively treating diseases caused by 
such a vims, such as acquired immunodeficiency syndrome (AIDS), continues. 

J. Moss and H. Bundgaard, International Journal of Pharmaceutics. 66 (1990) 39-45. 
discloses the transdermal deliveiy of thyrotropin-releasing hormone (TRH) via the prodrug-N- 
20 octyloxycarbonyl derivative. 

J. Moss. A. Buur and H. Bundgaard, International Journal of Pharmaceutics, 66 (1990) 
183-191, dUcloses that the prodmg N-alkoxycarbonyl derivatives of thyrotropin-releasing 
hormone (TRH) did not improve the oral bioavanability of TRH due to the greater 
suscq)tibility of the prodrugs to undergo enqroatic degradation. 
25 International publication WO 90/07520. published 12 July 1990. discloses oxysteryle 

phosphates having anti-cancer and immunodq)ressant properties. 

International publication, WO 90/08550. published 9 August 1990. discloses antivirals 
and methods for increasing the antiviral activity of AZT by administering AZT in combination 
with certain purine compounds or their prodrugs. Such prodrugs include 5-amino-3*-(2-methyI- 
30 l-propoxycarbonyl)-l-^-D-nT)ofuranosyl-imidazoIe-4-carboxamide;5-amino-3'-{l- 

propoxycarbonyl) I-^-D-ribofuyranosyl-imidazoIe4-carboxamide. and 2\ 3'^7clocarbonate 
AICA riboside. 

European published applicatioii 0 214 009 discloses enaminones as prodrags of primary 
and secondary amines. f- 

35 U.S. Patent 4.650,803 discloses water soluble prodrugs of rapamycin such as tiie 

glycinate. propionate and pyrrolidine butyrate prodrags. 
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European published application 0 365 956 A2 discloses therapeutic compositions of 
amino-oxodihydroisoindolo-quinazoline which contain the radical of an amino acid, a dipeptide 
or a tripeptide which show enhanced solubility m water. 

U.S. Patent 4,163.058 and 4,260,769 disclose 5,5-diphenyl.hydantoins containing a 
5 phosphate group which offer enhanted solubility. 

U.S, Patent Application 7-258 1417, published in Denvent Abstract 51,003-990 discloses 
phosphorothioate oligodeoxyribonucleotide analogs which are useful for inhibiting replication of 
viruses and retroviruses. Phosphorothioates are compounds in which one of die non-bridging 
oxygen atoms m the phosphate portion of the nucleotide is replaced by sulfur. 
10 Antimicrobial Patent Fast-Alert, week ending 4 January 1991, discloses an in vitro 

hydrolyzable pro-drug combination of Methampicillin and the ^-lactamace inhibitor Sulbactam 
which has therapeutic utility in the treatment of bacterial mfections. 

Derwent Abstract, Accession Number 89-287098/40. discloses nerve growth factor 
peptides which may contain a phosphate group. 
15 European published application 0 354 108 discloses new 0-suIphated or phosphorylated 

tyrosine analogues for treating central nervous system diseases. 

U.S. Patent 4,954,616 discloses the use of guanidine-related compounds, having a 
protecting group, such as triphenylphosphonoethyloxycarbonyl, in solution-phase peptide 
synthesis. 

20 U.S. Patent 4,775,743 discloses peptide derivatives of the general formula 

(Hydrophobic radical)-Pro-Hyp-(HydrophiIic radical) wherein Hyp is hydroxy-prolyl and 
wherein an example of a hydrophilic radical is phosphate. These peptides are described as 
being useful as an anti-agglutmation agent. 

U.S. Patent 4,952,493 discloses a method for preparing selected peptide substrates for 
25 detecting the activity of virus-specified proteases. Specific tetrapeptide substrates are disclosed 
which are conjugates of protease-deavable indicator groups and peptide sequences resembling 
picomavirus protease cleavage recognition sites, 

U.S. Patent 4,716,222 describes cfaromogenic substrates, such as 2H-7-0-(Phosphoryl)- 
4-methyr-8-mtrobenzopyran-2-one,which are useful for the detection and determmation of 
30 hydrolases, such as acid phosphatase. 

U.S. Patent 4,617,377 discloses new synergistme derivatives which may be substituted 
with a dialkylphosphoryloxy radical, which are useful as intermediates. 

International Publication WO 89/10960 and WO 89/10961, published 16 November 
1989, phosphorus-contaimng haptens and immunogens, comprising a phosphonis-containing 
35 hapten and a carrier molecule, which are useful for producmg antibodies to catalyze the 
cleavage or formation of amide, ester or glycosidic bonds. It also discloses a method for 
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treating acquired inunune deficiency syndrome by inhibiting human immunodeficiency vi™s by 
treatment with a catalytic antibody elicited with a hapten or immunogen. 

Patent Fast-Alert, week ending 22 Februaiy 1991. discloses phosphorylated glycosidase 
mhibrtor prodrugs of desoxynojirimycin. which exhibit glycosidase inhibitory activity. TTiey 
5 are useful m the treatment of gastrointestinal problems. 

U.S. Patent 4.407,794 descriles peptides which are useful as analgesic and 
psychotropic agents which may have a pliosphatidylethanolamine chain at the C-tenninus. 

INFORMATION DISCLOSURE 
Chemical Abstract. Accession Number 84^7490/05. discloses spergualin 15i,hosphate 
10 which is useful as a carcinostatic. . • 

European published application 0 338 372 discloses the N-phosphorylation of basic 
nitrogenous drug compounds to produce pro-drugs with enhanced water solubUity or lipid 
solubility or reduced toxicity. The compounds of the present invention are 0-phosphoryIated. 
Furthermore, no where does this reference teach or suggest the peptidic compounds of the 
15 present invention. 

U.S. Patent 4,663.310 discloses renin inhibitors containing 2-substituted statine and 
which may have a phosphate-substituted phenyl group at the C-terminus. 

U.S. Patents 4,298,523 and 4,369,137 disclose solution phase methods, intermediates, 
and compositions for preparing useful peptides wherein a phosphate group is used as an amino- 
20 protecting group, 

U.S. Patent 4,661.473 discloses renin inhibitory peptides which may have a phosphate 
group at die C-terminus or in the peptide chain as part of a modified amino acid residue. 

U.S. Patent 4.661.472 discloses peptides which may be useful to treat steroid-dependent 

tumors. 

25 A.A. Sinkula and S.H. Yalkowsky. J. of Pharm. Sci.. Vol. 64. No.2, Feb. 1975, 

discloses phosphamide as a prodrug linkage to increase die absorption of the active drug. 

The Peptides by E. SchrBder and K. Lubke, Vol. 1, Metiiods of Peptide Synthesis 
(1965), describes the preparation of O-phosphoryl-ammo acids of p^tides. 

In R.H. Hook, C.J. Eastwood and GJ. Wright, Drug Metabolism Review 4 (2), 249- 
30 265 (1975), showed that the phosphate ester of oxyphenbutazone is an effective prodrug capable 
of enhancing the plasma concentration of oxyphenbutarone in dogs. 

CLEOCIN PHOSPHATE* Sterile Solution and CLEOCIN T» Topical Gel, Topical 
Lotion and Topical Solution, which are useful as antibiotics, contain clindamycin phosphate, 
which is a water soluble ester of clindamycin and phosphoric acid. It is biologically inactive 
35 and rapidly converted to active clindamycin. These drugs are currentiy manufactured and 
marketed by TTie Upjohn Company. See R.M. DeHaan, CM. Metzler. D. Schellenberg and 
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W.D. Vandenboech, J, Clin. Phannacol. 13, 190 (1973), 

J.W. Perich and R3. Johns, Aust. J. Chem., 1990, 43, 1603-8, 1623-32, and 1633-42, 
describes the unexpected dephosphoiylative rearrangement of the simple phosphopeptides Ac- 
Ser(P03Bzl2)-NHMe and Ac-Scr-(P03H2)-NHMe; describes the phosphorotriester and 
5 "phosphitfr^iester" phosphorylation of protected serine-containing peptides; describes the global 
"phosphite-triester" phosphorylation protected serine derivatives and peptides by using 
dibenzyl or di-t-butyl N,N-diethylphosphoramidite; and describes the global "phosphite-triester* 
phosphorylation of multiple-serine-containing peptides by using dibenzyl N,N-diethyI- 
phosphoramidite. . * 

10 nie following patent applications disclose peptides that are useful as renin inhibitors 

and HIV protease inhibitors which contain a (H0)2P(O)0-(CH2VC(0)- group at the N- 
terminus: PCT International Publication Number WO 90/12804, published- 1 November 1990. 

European published applications 0 337 714 and 0 356 223 disclose HIV protease 
inhibitors which do not have an amino acid analog at the D-9 position in front of the transition 
15 state insert. These peptides may have phosphate-substituted aryl and Het groups in their 
transition state inserts, in the amino acid moieties occurring after their transition state inserts 
and at flieir C-terminus. They may also have phosphate-substituted alkyl and carbocyclic 
groups at their C-terminus. These applications also disclose peptides having a phosphate group 
in their peptide chain as part of a modified amino acid residue at their N-termmus and in their 
20 transition state inserts. However, no where do these applications disclose the phosphate groups 
of the present invention. 

T.A. Lyle, et al,, J. Med. Chem.. 34:1228-1230 (1991), discloses benzocycloalkyi 
ammes, including aminohydroxyindane, as C-termini for HIV protease inhibitors. 

V J. Stella, W.N.A. Charman and V.H. Narmgrekar, Drugs 29:445-473 (1985), 
25 discloses that a prodrug is used to miprove the aqueous solubility to allow intravenous 
administration of a drug. It also discloses phosphate prodrug, 

European Patent Application 0 346 847 discloses amino acid derivatives having an 
optionally substituted trimethylene or tetramethylene groups or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring at the C-terminus. 
30 Chemical Abstracts I13:172751p discloses the preparation of peptide analogs, such as 

2,5,8, 1 l-tetraoxa-14,20-diazapentacosan-25-amide, 18,24-di-2-butenyl-N-butyM5.21-bis- 
(cyclohexylmethyl)-22-hydroxy-16,19^ioxo-13-thioxo[Reg, No. 129525-29-7], as renin 
inhibitors. J. of Protein Chemistry, Vol. 10, No. 5, 1991, pages 553-563, discusses the 
charartcrization of recombinant human renb and discloses a renin inhibitor peptide A-653 17 
35 with an N-terminus ether moiety. Besides having different utilities, these compounds are 
structurally far different from the compounds of the present invention, which may have an 
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ether-containing moiety at the N-tenninus. 

Chemical Abstracts, Accession Number 91-227903/31. discloses peptides having a 
modified polyethylene glycol moiety at the N^nus. for example, calcitonin GRP and 
dastase, which have prolonged activi^. 
5 In Peptide Research. Vol. 4.,No. 6 (1991). pages 334-339. d-gluconic acid and a- 

carboxymethyl polyethylene-glycol-w-methyl ether (PEG) were covalenUy bound at N«-amino 
group of H-Phe-Arg-pNa for study pmpises. 

nje following references disclose the chemistry and biochemistry of biotin: J. -P. 
Bonjour. "Biotin" in The Handbook of Vitaiftuis; 2nd Ed. 1991 (Ed. L. J. Machlin. Marcel " 
10 Dekker/New York. pp. 393-427; Said. H. M. Biochem. J. 1991. 279. 671-«74. 

The following published patent applications and patents disclose non-phosphate peptides 
that are useful as renin inhibitors: European published application 0 173 481 and U.S. Patent 
4.880.781; U.S. Patent 4.864.017 (having diol transition state inserts); European published 
application 0 364 493. published 25 April 1990. (havmg aryl acid derived moieties at the N- 
terminus); and European published application 0 397 779. published 22 November 1990. 
(having N-terminal polar end groups). 

PCX International Publicatioii Number WO 91/06561. published 16 May 1991. 
discloses a method for treating HIV and other retroviruses and non-phosphate peptides'usefiil 
therefor. 

20 SUMMARY OF THE INVENTION 

The present invention particularly provides: 
A compound of the formula I 

Xi-Cg-D9-Eio-Fn-Gj2-Z 

wherein Xj is 

25 



15 



30 



35 



wherein Xj 


is 


a) 


hydrogen. 


b) 


C1-C7 alkyl. 


c) 


-(CH2)p-aryl. 


d) 


-(CH2)p.Het. 


e) 


-(CH2)p-C3-C7cycIoalkyl, 


<) 


R5-0-(CH2)q-C(0)-. 


S) 


R5-CH2O<:(0K 


h) 


RrCK:(0>. 


i) 


R5KCH2)n-C(OK 


j) 


R5-(CH2)„-C(SK 


k) 


R4N(R4)-(CH2)„-C(0>. 


1) 


R5-S02-(CH2),-C(0)-, 



« 
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m) R5-S02-(CH2)q-0-C(0)-. 

n) R5^CH2)„-S02, 

0) Z-C(0)-CH(0HKH(CH2Ri)-C(0)- 

p) R5-(CH2)p^CH=CH-(CH2)p-C(OK 

q) RsCCHj)? CH=CH-(CH2)p-0-C(0), 

r) R27(CH2)q^0)-. 

s) (OH)2(0)PO-aryHCH2)p-C(OK 

t) (0H)2(0)P0-Het-(CHi)p-C(0K 

u) aryI-(Wj)j-(CH2)^-Wi-aiyl-C(0)-. 

V) aryI-Wi.(CH2)„-Wi-(CH2)„-C(0)-. 

w) Het-(CH2)j„-Wi-aiyl-C(0)-. 

X) Cj-Cfi alkyl-CH(OH)-C(OK 
y) biotmoyl, 

z) biotinoyl-NH-(CH2)q-C(OK or 

al) 2-((4-a3aS-(3aa,4/S-6aa)MH-thieno-[3,4-d]imidazole-2(3H)-on-4yl)- 
pent-l-yl)-Wi-aryl-C(0)-; 
wherein Cg is absent or a divalent moiety of the formula XLj, XL2, XI^, XL^^ or 
other amino acyl derivative; 

wherein Dp is Pro, absent or a divalent moiety of the formula XL3, XL^^, XLjj, or 
20 other amino acyl derivative; 

wherem Ejo-Fn is a divalent moiety of the formula XLg, XLgi,' XI^. XLge. 

n, m. IV. xLgp. XLficp, XLggp, XLficcp, n^p. V. vp, VI or vn; 

wherein G12 is absent or a divalent moiety of the formula XL4, XL4J or other amino 
acyl dra'vative; 
25 wherein Z is 



a) 




b) 


-N(R4)Ri4, 


c) 


C^-Cgcyclic ammo. 


d) 


-NHR120. 


e) 


-NH.(CH2), pyridine (N-oxide), 


0 


Het bonded via a nitrogen atom. 


£) 


-NH(CH2)qNH-Het, 


h) 


1-amino indanyl optionally substituted at the 2- or 3- position by one or 




two Hydroxy or -0C(0)CH3, 


i) 


l-amino-2,3-^clicmonophosphate indanyl, or 


j) 


-NH-(CH2)q-CH=CH-(CH2)q-NH-Het; 
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wherein R is 





a) 


-(CH2)n-isopn)pyl, 






b) 


-(CHaJn-isobutyl. 






c) 


-(CHAi'benyl, or 




5 


d) 


-(CHjJn-Cj-pTcycloalkyl: 






wberein is 






a) 


hvdrocen. * ' 






b) 


Cj-CcaltyL 






c) 


arvL 




10 


<1) 


Ca-O?cvcloalkvl 






e) 


-Het. 








Ci-C^alkoxv or 






g) 


Ci-CoaIlcvIthio* 






wherein R2 


is 




15 


a) 


hydrogen, or 






b) 


-CH(R3)R4; 






wherein R3 i 


IS 






a) 


hydrogen, 






b) 


hydroxy. 






c) 


Ci-Csalkyl, 






d) 


Cj-Cycycloalkyl, 






e) 


aryl. 








-Het, 






g) 


Cl"C3alkoxy, 






h) 


Ci-C3aIkylthio, or 


- 




i) 


-0P(0)(0H)2; 






wherein R4 at each occurrence is the same or different as is 






a) 


hydrogen. 






b) 


Ci-CsalkyI, 




30 


c) 


-(CH2)p-aiyl, 






d) 


-(CH2)p-Het, 






e) 


-(CH2)p-C3^cydoaIkyl. or 








1- or 2-adamantyI; < . . 






wherein R5 is 






35 


a) 


q-C^alkyl, 






b) 


C3-C7cycIoalkyI, 
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c) aryl, 

d) .Ret, 

e) 5-oxo-2-pyrroIidinyl, 

f) 1 or 2-adainanQrI, 

5 g) -aryl-OP(oj(OH)2, or 

h) -Het-0P(0)(0IJ)2; 
wherein is 

a) hydrogen. 

b) q-Csallgrl, 
10 c) -(CH2)p-aiyl, 

d) -(CH2)p-Het. 

e) -(CH2)p-C3-C7cydoalkyl, 

f) I- or 2-adamantyl, 

g) -(CH2)p-aryl-OP(0)(OH)2. 
15 h) -(CH2)p-Het-OP(O)(0H)2. or 



20 



25 



30 



35 



i) 


-(CH2)p-OP(0)(OH)2; 


wherein Ry 


is 


a) 


hydrogen, 


b) 


Ci-Cjalkyl. 




-{CH2)a-hydroxy, 


d) 


amino Ci-C4alkyl-, 


e) 


guanldmyl Cj-Cjalkyl-, 




aryl, 


g) 


-Het, 


h) 


methylthio, ' 


i) 


-(CH2)p-C3-C7CycIoalkyI, 


j) 


amino, 


k) 


-(CH2)n-C00H, 


1) 


-(CH2)n-COOCi-C6 alkyl. 


m) 


-(CH2)„-CONR22R26. 


n) 


-(CH2)n-OP(0)(OH)2. 


0) 


-aiyl-0P(0X0H)2, or 


P) 


-Het-0P(0)(0H)2; 


wherein Rg is 




a) 


hydrogen 


b) 


Cj-Cjalkyl, 
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c) hydroxy, 

d) aiyl, 

e) -Het, 

f) guanidinyl Ci-Csalkyl-, 

g) -(CH2)p-C3-97cydoalkyl, or 

h) -0P(0)(0H)2; 
wherein RjQ is ' 

a) hydrogen. 



10 



25 



35 



b) 


Ci-Cyalkyl, 


c) 


-(CH2)nRj6. • ■ 


d) 


-(CH2)nRl7. 


e) 


Cs-Cyqrdoalkyl, 


f) 


a pharmaceutically acceptable cation. 


g) 


-CH(R25)-CH2-Ri5, or 


hj 


-CH2-CH(R,2)-Ri5; 


wherein Rj| 


is -R or -R2; 


wherein R]2 


is -(CH2VR13: 


wherein Ri-j 


is 




aryl. 


M 


amino. 


cJ 


mono-, di- or tri-Ci-Cjalkylamino, 


d) 


-Het, 


e) 


Ci-Cjalkyl. 




C^-CjcydoaOyl, 


g) 


Cz-Csalkenyl, 


h) 


Cj-Cycycloalkenyl, 


0 


hydroxy. 


j) 


Cj-Cjalkoxy, 


k) 


Ci-Csallcanoyloxy, 


1) 


mercapto, 


m) 


Cj-Cjalkylthio, 


n) 


-COOH. 


0) 


-COO-Ci^rgalkyl, 


P) 


-C0-O-CH2-(Ci-C3alkyI)-N(Ci-C3aIkyI)2. 


q) 


-CO-NR22R26; 


r) 


C4-C7cyclic amino. 
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s) 


C4-C7cycIoa]l7lamino, 


t) 


guanidyl. 


u) 


cyano. 


V) 


N-cyanogu|nidyl, 


w) 


cyanoamino, 


X) 


(hydroxy C2-Cl|allcyI)amino, or 


y) 


di-0iydroxyC2-C4aIIq'l)aimno; 


wherein is * ' 


a) 


hvdroeen. 






c) 




d) 




e) 


-CH(Roc)-CHo-R.c 


0 


"(CHn)„-CH(Ri oVRi < 


g) 


(hydroxy Ci-Coalkyl). 




hydroxy Cj-Cg alkyl-aryl, or 


0 


(Ct-C, alkoxy) CiCo alkvl' 


wherein 


is 


a) 


hydroxy, 


b) 


Ci-C^cydoalkvL 


c) 


arvL 


d) 


amino* 


e) 


mono-, di-, or tri-Ci-C3aIkylamino. 




mono- or di-(hydroxy C2-C4aIkyI)amino, 


g) 


-Het, 


h) 


Ci-C3alkoxy-, 


0 


Ci-C3alkanoyloxy% 


j) 


mercapto. 


k) 


Ci-C3alkyIthio-, 


1) 


Cj-Csalkyl, 


m) 


C4-C7cycUc amino. 


") 


C4-C7cycloaIkyIamino, 


0) 


Ci-C5alkenyloxy, or 


P) 


C3-C7cycloaIkenyl; 


wherein R|g is 




a) 


aryl, 
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b) 


amino. 




c) 


mono- or di-(C|-C3aIkyl)amino, 




d) 


hydroxy. 




e) 


Ca-CTcycloalkyl, 


5 


f) 


C4-C7CycIic|amino, or 




g) 


Ci-C3aIkanoyloxy; 




wherein is ' 




a) 


-Het. 




1 \ 


Cj-Cjalkenyl, 


lU 


c) 


C3-C7cycIoaIkenyI, 




d) 


Ci-C3aIkoxy, 




e) 


mercapto, 




f) 


Ci-Cjalkylthio, 




g) 


-COOH, 




h) 


-CO-O-Ci-CfiHlkyl. 




i) 


-C(M>CH2-(Ci-C3aIkyI)-N(Ci-C3aIkyI)2. 




j) 


-CO-NR22R26. 




k) 


tri-C2-C3alkyIamlno, 




1) 


guanidyl, 


20 


m) 


cyano. 




n) 


N-cyanoguanidyl. 




0) 


(hydroxy C2-C4alIcyl)amino, 






di-(hydroxy C2-C4aIkyI)amino, or 




q) 


cyanoamino; 


25 


wherein Rig is 




a) 


amino, 




b) 


mono-, or di-CCi-CjalkyOamino, 




c) 


C4-C7cycllc amino. 




d) 


C4-C7cycloaIkylammo, or 




e) 


-CH(NH2)(C02H); 




wherein R^p is 




a) 


aryl. 




b) 


-Het, 




c) 


tri-C|-C3alkylamino, 


35 


d) 


Ca-CvcycloalkyI, 




e) 


C2-C5alkenyl, 
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0 Cj-Cycycloalkenyl, 

g) hydroxy, 

h) Ci-C3alkoxy, 

i) Cj[-C3aIkaiioyIoxy, 
5 j) mercapto, ' 

k) Cj-Cjalkylthiq. 

1) -COOH, 

m) -COO-Ci-Cgalkyl, • 

n) -CCM>CH2-(q.C3aIkyI>-N(Ci.C3alkyI)2, 

10 o) -CO-NR22R26' 

p) guanidyl, 

q) cyano, 

r) N-cyanoguanidyl, 

s) cyanoamino, 

15 t) (hydroxy C2-C4aIkyl)ainino, 

u) di-(hydroxy C2-C4alkyI)ainino, or 

v) -SO3H; 
wherein R20 is 

a) hydrogen, 

20 b) Cj-Cjalkyl, or 

c) aryl-Ci-C5alkyl; 
wherein R22 is 

a) hydrogen, or 

b) Ci-C3alkyl; 
25 wha-ein R23 is 

a) -(CH2)n-0H. 

b) -(CH2)„.NH2, 

c) aryl, 

d) Ci-C3all7l, or 

30 e) KCH2)n-OP(0)(OH)2: 
wherein R24 is 

a) -Rj, 

b) -(CH2)„-0H, 

c) -(CH2VNH2.or 

35 d) -(CH2)„-OP(0)(OH)2; 
wherein R25 is 
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a) -(CH2)n-R,3. 

b) hydrogen, 

c) Ci-Cjalkyl, or 

d) phenyl-Ci-Cjallyl; 
5 wfawein R-k is 

I 

a) hydrogen, 

b) Ci-Caalkyl, or I 

c) phenyl-Ci-C3aIkyl; 
wherein R27 is 

10 a) -COOH. . • 

b) . -COOCj-Cfi alkyl, 

c) -CONR22R26. 

d) -CH(NH2)C00H, or 

e) hydroxy; 

15 wherein R30 and R31 together represent a trimethylene or tetramethylene group which 

is optionally substituted by hydroxy, allcoxycarbonylamino or acylamino or in which one -CHj 
group is rqilaced by -NH-, -N(alIcoxycaibonylK -N(aqrl)- or -S- or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; 
wherem Rj2o is 

20 a) Ri26C[(CH2)qOR,2ii2(CH2)q-. 

b) a moiety of Formula XXX, 

c) a moiety of Formula XXXI 

d) -CH2(CHORi2i)xCH20Rj2i, 

e) Ri2lOCH2(CHORi2,)yCH-(CHORj2i)zCH20Ri2i. 
25 f) amoiety of Formula XXXn, or 

g) Ri2lCOl2-C(CH20Ri2i)2-; 
wherein R^i is 

a) hydrogen, 

b) Ci-Cgalkyl, 

30 c) KCH2)„-aiyl. or 

d) -C(0)Ri23; 
wherem Rj23 is 

a) C1-C5 alkyl, or • . . 

b) -(CH2)n-phenyl; 
35 wherein R]2£ is 

a) hydrogen, or 
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b) (CH2)„ORi2,: 
wherein R228 

a) hydrogen, or 

b) -(CHORi2j^tCH20Rl2i; 

5 wherein Q is 

a) CH2, I 

b) CHORi2i,or 

c) C(0); 
wherein Wj is 

10 a) -0-. or 

b) -S- 
wherein j is zero or one; 
wherein m is one to three, inclusive; 

wherein for each occurrence n is independently an integer of zero to six. inclusive; 
15 wherein p is zero to two, inclusive; 

wherein q is an integer of one to six, inclusive; 
wherein r is zero to five, inclusive; 

wherein s is an integer of zero or one so that the sum of u plus v plus s is three or 

four; 

20 wherein t is an integer of zero to three, inclusive; 

wherein u is an integer of zero to three, inclusive; 
wherein v is an integer of zero to four, inclusive; 
wherein w is an integer of two or three; 
wherein x is an integer of two to seven, inclusive; 
25 wherein y is an integer of zero to six, inclusive; and 

wherein z is an integer of zero to six so that the sum of y plus z does not exceed six; 
wherein aryl is phenyl or naphthyl substituted by zero to three of the following: 





a) 


Ci-Caalkyl, 




b) 


hydroj^, 


30 


c) 


Ci-C3alkoxy, 




d) 


halo. 




e) 


amino, 




f) 


mono- or di-Ci-C3aIkylanuno, 




g) 


-CHO, 


35 


h) 


-COOH. 




i) 


COOR26, 
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10 



IS 



20 



2S 



30 



35 



J) 






nitro. 




mercapto. 


m) 


Cj-Cjalkylthio, 


n) 


Ci-Caalkylsijlfinyl, 


0) 


Ci-Cjalkykulfonyl, 


P) 


-N(R4)-C,-C3all{ylsuIHnyI, 


q) 


-SO3H, 


0 


SO2NH2. ' 


s) 


-CN, 


t) 


-CH2NH2. 


u) 


-0[(CH2)20],CH3. 


V) 


-[0-(CH2)2Jq-OCH3, 


w) 


-r(HCH2)2Jq-NR22R26. 


X) 


-IO-(CH2)2]q-Het, or 


y) 


-OC(0)-Ci-C3 alkyl; 



Wherein -Het is a 5- or 6-membered saturated or unsaturated ring containing from one 
to three heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur; and 
mcluding any bicydic group in which any of the above heterocyclic rings is fused to a benzene 
nng or another heterocycle and the ring may be comiected through a carbon or secondary 
nitrogen in the ring or an exocyclic nitrogen; and if chemically feasible, the m'trogen and sulfur 



a) 


Ci-Cjalkyl, 


b) 


hydroxy, 


c) 


hydroxy (Cj-Cjalkyl), 


d) 


halogen, 


e) 


amino. 


0 


amino (Cj-Csalkyl), 


g) 


-CHO, 


h) 


-CO2H, 


0 


-C02-(Ci-C5aIkyl). 


j) 


-CONH2, 


k) 


-C0NH-(C,-C5alkyl). 


1) 


nitro. 


m) 


mercapto. 


n) 


mercapto (Ci-C5alkyl), 
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0) -SP3H, 
p) -SO2NH2, 
q) -CN. 

r) -CM:i-C5alkyI, or 
5 s) -[CHCH2)2Jq-OCH3; 

and phannacologically acceptaljle salts thereof; 
with the provisos that: 

1) at least one phosphate group roust be present; and 

2) no more than three phosphate groups are present. 

10 By -amino acyl derivatives" is meant any of the naturally occurring amino acids such 

as: glycine, alanme, valine, leucine, isoleucme, phenylalanine, lysme, proline, tryptophan, 
methionine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, arginine. ornithine, and histidine, and synthetic derivatives thereof. These compounds 
may be in the L or D configuration and are well known and readily available to those skilled in 
15 the art. It also includes the phosphate ester of serine, threonine, and tyrosine. 

In this invention, phosphate monoesters include the phosphate esters of alkanols and 
hydroxy-substituted aromatic and heterocyclic moieties. Phosphate diesters include the cyclic 
phosphate esters derived from dihydroxy alkanes in which the hydroxy! groups are on adjacent 
carbons (1,2-diols) or on carbons separated by one carbon atom (1,3-dioIs). 
20 Poor solubility of HIV protease inhibitory peptides/peptidimimetic within patients is a 

substantial problem. The present mvention provides for the O-phosphorylation of compounds ' 
to produce proKlnigs with enhanced water solubility, bioavailability, improved absorption, 
increased duration of action, or reduced toxicity. The pro-drugs are hydrolyzed in the body, 
regenerating the original Oparent) drugs with the release of a salt of phosphoric acid. 
25 Susprisingly and unexpectedly, the parent compounds of the compounds of the present 

invention are effective and potent inhibitors of HIV protease. They have also been found to 
inhibit HIV protease in cell cultures, as described below. Therefore, the parent compounds of 
the compounds of formula I inhibit retrovu-al proteinases and thus inhibit the replication of the 
virus. They are useful for treating patients infected with human immunodeficiency virus (HIV) 
30 which results in acquired immunodeficiency syndrome (AIDS) and related diseases. The parent 
compounds have low to moderate renm inhibitory activity but are surprisingly 
potent retroviral protease inhibitors. 

* 

Thus, both the parent compounds and the pro-drug compounds of the present invention 
, are useful as retroviral protease inhibitors. 
35 Examples of the parent compounds of the present invention include: 
A compound of the formula I 
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wherein is X2-[(CH2)2-OJ^-aryl-0.(CH2)„.C(0)-; 

wherein X2 is • 

a) H3CO-. 
5 b) (R4)2N-,or, 

c) Het; 
wherein m is five or six; ' 
wherein n is zero to six, inclusive; 
wherein Cg is absent; 
10 wherem Dp is the moiety XL3; . • 

wherein Eio-Fj ^ is the moiety XLg or H; 
wherein Gjj is absent or is the moiety XL4; 
wherein Z is 

a) -N(R4)2, or 
15 b) -NHX3; 

wherein X3 is 

a) -(CH2)„.Het, 

b) -(CH2Varyl, or 

c) I-amino indanyl optionally substituted at the 2- or 3- position by one or 
two hydroxy or -0C(0)CH3; 

wherein aryl is phenyl or naphthyl; 

wherein -Het is a 5- or 6-membered saturated or unsaturated ring containing from one 
to three heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur; and 
including any bicyclic group in which any of the above heterocyclic rings is fused to a benzene 
25 ring or another heterocyde and the ring may be connected through a c^^ 
nitrogen in the ring or an exocyclic nitrogen; 
wherein R| is 

a) phenyl, 

b) C3-C7 cycloalkyl. or 
30 c) q-Cjalkyl; 

wherein R4 is 

a) hydrogen, or 

b) CpCjalkyl; 
wherein R7 is 

35 a) hydroxy, 

b) Het, or 
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c) alkyl substituted by zero to three hydroxy; 

wherein Rg is 

a) C1-C5 alkyl, 

b) Het, or 

5 c) aryl; ' 

wherein Rjj is | 

a) -(CH2)n- phenyl, 

b) -(CH2)n-C3-C7 cycloalkyl, or 

c) C1-C5 alkyl; 

10 and pharmacologically acceptable salts thereof. 

The peptides of the present invention are useful as novel human retroviral protease 
inhibitory peptide analogs. Therefore, the peptides inhibit retroviral proteases and thus inhibit 
the replication of the virus. They are useful for treating human patients infected with a human 
retrovirus, such as human immunodeficiency virus (strains of HIV-I or HIV-2) or human T-cell 

15 leukemia viruses (HTLV-I or HTLV-II) which results in acquired immunodeficiency syndrome 
(AIDS) and/or related diseases. 

The capsid and replicative enzymes (i.e. protease, reverse transcriptase, integrase) of 
retroviruses are translated from the viral gag and pol genes as polyproteins that are further 
processed by the viral protease (PR) to the mature proteins found in the viral capsid and 

20 necessary for viral functions and replication. If the PR is absent or nonfunctional, the virus 
cannot replicate. Hie retroviral PR, such as HIV-1 PR, has been found to be an aspartic 
protease with active site characteristics sunilar to those exhibited by the more complex aspartic 
protease, renin. 

The term human retrovmis (HRV) includes human immunodeficiency virus type I, 
25 human immunodeficiency virus type n, or strains thereof, as well as human T cell leukemia 
virus 1 and 2 (HTLV-1 and HTLV-2) or strafas apparent to one skilled in the art, which belong 
to the same or related viral families and which create similar physiological effects In humans as 
various human retroviruses. 

Patients to be treated would be those individuals: 1) infected with one or more strains 
30 of a human retrovirus as determmed by the presence of either measurable viral antibody or anti- 
gen in the serum and 2) in the case of HIV, having either an asymptomatic HIV infection or a 
symptomatic AIDS defining infection such as i) disseminated histoplasmosis, ii| isopsoriasis, iii) 
bronchia] and pulmonary candidiasis including pneumocystic pneumonia iv) non-Hodgkui's 
lymphoma or v) Kaposi's sarcoma and being less than sfacty years old; or having an absolute 
35 CD4+ lymphocyte count of less than 500/mm^ in the peripheral blood. Treatment would 
consist of maintaining an inhibitory level of the peptide used according to this invention in the 
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patient at all times and would continue until the occurrence of a second symptomatic' AIDS 
defining infection indicates alternate therapy is needed. 

More specifically, an example of one such human retrovirus is the human 
immunodeficiency virus ^IV, also known as HTLV-m or LAV) which has been recognized as 
5 die causative agent in human acquired immunodeficiency syndrome (AIDS), P. Duesberg, Proc. 
Nad. Acad. Sd. USA, 86:755 (1989). HIV contains a retro viral encoded protease, HIV-I 
protease, that cleaves the fusion polypd|ptides into die functional proteins of die mature viral 
particle, E.P. LUIehoj. et al., J. Virology, 62:3053 (1988); C. Debuck, et al.. Proc. Nad. 
Acad, Sci., 84:8903 (1987). This enzyme; HIV-I protease, has been classified as an aspartyl 
10 protease and has a demonstrated homology to odier aspartyl proteases such as renin, L,H. 
Pearl, et al.. Nature 329:351 (1987); I. Katoh, et al.. Nature 329:654 (1987), Inhibition of 
HIV-I protease blocks die replication of HIV and dius is useful in die treatment of human 
AIDS, E.D. Clerq, J. Med. Chem. 29:1561 (1986). Inhibitors of HIV-I protease are useful in 
the treatment of AIDS. 

15 Pepstatin A, a general inhibitor of aspartyl proteases, has been disclosed as an inhibitor 

of HIV-I protease, S. Seelmeier. et al., Proc. Nad. Acad. Sci. USA, 85:6612 (1986). Odier 
substrate derived inhibitors containing reduced bond isosteres or statine at die scissle position 
have also been disclosed, M,L. Moore, et al., Biochera. Biophys, Res. Commun. 159:420 
(1989); S. Billich, et al., J. Biol. Chem, 263:17905 (1988); Sandoz, D.E. 3812-576-A. 
20 Thus, the peptides of the present invention are useful for treating diseases caused by 

retroviruses, such as human acquired immunodeficiency disease syndrome (AIDS). 

The peptides are also useful for treatmg non-human animals infected widi a retrovirus, 
such as cats infected with feline leukemia virus. Odier viruses that infect cats include, for 
example, feline infectious peritonitis virus, calicivirus, rabies virus, feline immunodeficiency 
25 virus, feline parvovirus Qjanleukopenia virus), and feline chlamydia. Exact dosages, forms and 
modes of administration of the peptides of the present invention to non-human animals would 
be apparent to one of ordinary skill in the art, such as a veterinarian. 

The parent compounds and the phosphate prodrug compounds of formula I of the 
present invention are prepared as described in the Prq)arations and Examples below, or are 
30 prepared by mediods analogous diereto, which are readily known and available to one of 
ordinary skill in the art of pq)tide synthesis. 

CHART A 

Chart A describes the preparation of die cyclic phosphate 1-Naphdioxyacetyl-L-histidyl- 
5S-amino-6-cyclohexyl-3R,4R-0.0-hydroxyphosphoryl-2R-isopropyl-hexanoyl-L-isoleucyl-2- 
35 piyridylmediylamide (Formula A-3). 

The solubility of compound A-1 in tetrahydrofuran is enhanced widi anhydrous lidiium 
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cMoride and its reaction with dinrfrr-butyl N,N-diethyIphosphoram5dite in the presence of IH- 
tetrazole gives the cyclic phosphite. Oxidation with ro-chloroperbenzoic acid of this 
mtennediate gives the corresponding cyclic phosphate A-2. The /erf-butyl phosphate ester is 
removed with hydrochloric acid to give the desired cyclic phosphate A-3. 
5 ' CHARTS 

Chart B describes the preparaticp of the phosphate peptide 1-NaphthoxyacetyI-L- 

histidyI-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-0-phosphate^^ 
ylmethylamide (Formula B-10). . • 

Coupling of Boc-serine (B-1) with 2-pyridyImethylamine (B-2) with BOP reagent gives 

10 the adduct B-3, TTie /m-butyloxycarbonyl group is removed with trifluoroacetic acid and the 
resulting amine isolated as the bis tififluoroacetate salt (B-4). This amine is coupled to the 
known acid 5S-rm-butyloxycarbonylamino-4S-fgrf-butyIdimethylsiIyloxy-6-cyclohexyl-2S- 
isopropyl-hexanoic acid using BOP reagent to give compound B-5. The rm-butyloxycarbonyl 
group is removed with trifluoroacetic acid and the resulting amine B-7 is coupled to I- 

15 naphthoxyacetyl-N'^-rm-butyloxycarbonyl-L-histidine (B-6) using BOP reagent to give 
compound B-8. 

Reaction with di-/err-butyl N,N-<Iiethylphosphoraraidite in the presence of IH-tetrazoIe 
gives the di-rcrf-bu^lphosphate B-9. Acid hydrolysis removed the rm-butyloxycarbonyl group, 
the rm-butyldimethylsilyl group, and the di-/m-butyIphosphate groups to give the desired 
20 compound B-10. 

CHART C 

Chart C describes the preparation of the parent peptide CyclohexanecarbonyMS-amino- 
6-cyclohexyI-3R, 4R-dihydroxy-2R-isobutyl-hexanoyl-L-isoleucyl-2-pyridylmetiiylamide- 

An aldol addition reaction between the aldehyde C-I and the oxazolidinone C-2 using 
25 dibutyiboron triflate and diisopropyletiiylamine gives the adduct C-3. Tlie chiral auxialiaiy is 
removed by basic hydrolysis with lithium hydroxide and hydrogen peroxide to give the acid C- 
4. This acid C-4 is condensed with the amine L-isoleucyI-2-pyridylraeAyIamide C-5 using 
diethylphosphoryl cyanide and diisopropylethyl amine to give the product C-6. The protecting 
groups are removed with hydrogen chloride which is generated from acetyl chloride in 
30 methanol to give the amine C-7. Condensation of cyclohexylcarboxylic^acid with the amine C- 
7 using diethylphosphoryl cyanide and diisopropylethyl amine gives the peptide C-8. 

CHARTD 

Chart D describes the preparation of the parent peptide N-(4-Quinolinyl)oxyacetyl-5S- 
anuno-6-cyclohexyMS4iydroxy-2S-isopropyIJiexanoyI-L-isoleucyl-2-p^^^ 
35 (Formula D-5). 
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4-Hydroxyquinoline D-1 is alkylated with rm-butyl-bromoacetate using potassium 
hydride to give compound D-2. The rm-butyl ester protecting group is removed with trifluoro- 
acetic acid to give the free acid D-3. CondensaUon of this acid D-3 with the amine 5S-amino- 
6-cydohexyl-4S-hydroxy.2S-isopropyl-hexanoyl.I^isoleucyI-2i)yridyhn^^^ using 
S diethylphosphoryl cyanide and diisopropylethylamine gives the desired peptide D-5. 

' CHARTE 

Chart E describes the preparatiin of the parent peptides 3R-QuinucIidineaminocarbonyl- 
5S-ammo-6-qrclohexyl-3R.4R-dihydroxy-2R-isopropyl-h^ 

amide (Formula E-3) and 3S-<2umuclidineaminocarbonyl-5S-amino-6-cycIohexyl-3R,4R-dihyd 
. 10 roxy-2S-isopropyI-hexanoyl-L-isoleucyI-2-pyridyImethylamide (Formula E-4). 

3-Aminoquinuclidine dihydrodiloride is neutralized with sodium hydroxide to give the 
free base E-1. Tliis amine E-1 is treated with /^nitrophenylchloroformate and the resulting 
material reacted wifli 5S-amino-6-cyclohexyl-3R,4RKlihydroxy-2R-isopropyl-hexanoyr-L- 
isoleucyl-2-pyridylmethyIamide E-2 and diisopropylethylamine to give the two isomeric peptides 
15 E-3andE-4. 

CHARTS F - L 

TTiese charts are described in the corresponding preparations and examples below, 

CHART M 

Chart M describes the preparation of a biotinol C-terminus segment for coupling to the 
20 transition state insert. This segment is used in the preparation of 2-((4-([3a5-(3aa,4^.6aa)l-IH- 

thieno[3,4niqimida2ol-2(3i7)-on-4yI)pent-l-yl)oxy)ben2X)yl-55-amino-^ 

dihydroxy-2/?isopropyI-hexanoyl-L-isoleucinyI-2-aminomethyIpyridine. 

ITie compound M-1, which is commercially available or prepared by procedures 

described in K. N. Parameswaran, Org. Prep. Proc. Inti. 1990, 22, 119-121, is converted to 
25 the compound M-2, by using NaBH4/THF/HMPA. Tlie compound M-2 is reacted with Mesyl 

CI, pyridine to obtain the compound M-3. Tlie compound M-3 is reacted with tiie compound 

M-4, which is commercially available, in the presence of K^CO^/DMF to obtain the (impound 

M-5. The compound M-5 is reacted with NaOH/MeOH to achieve the C-terminal segment M- 

6. 

30 By a procedure analogous to that described above, the N-terminal segment, used in the 

prq}aration of 2-((4.a3a^-(3acr,4iJ,6aa)]-l»4hieno[3,4-fli^^ 
yI)thio)benzoyl-55-amlno-6-cyclohexyl-3/?,4/J-dihydroxy-2/?isopropyl4^^^ 
amino-2-(4-methylthiazol-5yl)ethane, is prq)ared. • . 

CHART N 

35 Chart N describes the preparation of the methylthiazole C-tennini for coupling to the 

transition-state insert segment. The segment N-4 is used in the preparation of 2-(2-(4- 
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methylthiazol-5-yI)ethyl)oxy)ben2oyl-55-amino-6<ydoh^^ 

hexanoyl-L-isoleudnyl-2aminomethylpyridine and 2-(2-(4-metfaylthiazol-5-yl)ethyl)oxy)benzoyl- 
55'-mino-6<ydohcxyl3/2,4/?-^ihydcpxy-2/J-isopropyl-hexanoyl-L-k^^ 
aminoethyl(4methylthiazole). Hie segment N-9 is used in flie preparation of 2-(2-(4- 
5 methylthia2ol-5-yI)cthyI)thio)benzoyf-55-aniino-€cydohexyl^ 

hexanoyl-L-isoleucinyl-2aminometfaylpy^dine and 2-(2-(4-melhylthiazoI-5-yI)ethyl)thio)benzoyl- 

55-amino-6cydohexyl-3/?,4i?-dihydroxy-2/?-isopropyl-hexanoyl-L-isoleu 

methylthiazole). , • 

TTie compound N-1 is reacted with the compound N-2, both of which are commercially 
10 available, in the presence of: Pr02CN=NC02iPr/PPh3/THF, to obtain the compound N-3. 
The compound N-3 is reacted with NaOH/MeOH to achieve the compound N-4. 

Hie compound N-5, which is commercially available, is reacted with PBr3/pyridine to 
obtain the compound N-6. The compound N-6 is reacted with the compound N-7, in the 
presence of K2C03yDMF to obtain the compound N-8. The compound N-8 is converted to the 
15 compound N-9 by using NaOH/MeOH, 

CHART O 

Chart O describes the preparation of the (3R,4R)-Leu yp [CH(OH)CH(OH)] Dehydroleu 
insert by a diastereoselective aldol (D.A. Evans, et al.. Tetrahedron Lett 1986, 27, 4957- 
4960), C-tenninus fimctionalization and protecting group removal. 
20 The compound 0-1 is reacted with (EtO)2P(0)CH2C02Et/NaH (S.V. Kdlar, et al., 

Syn. Commun. 1990, 20, 839) to obtain the compound 0-2 (Reg. No. 2351-97-5). Hie 
compound 0-2 is converted to the compound 0-3 (Reg. No. 16666-43-6) by using NaOH/ 
H2O. The compound 0-3 is reacted first with (000)2 with BuLi, compound 0^ 

(Reg. No. 77943-39-6) to give the compound 0-5. Hie compound 0-5 is reacted first with 
25 BuOTf, then with NEtj and finally with the compound 0-6 (Reg. No. 107599-97-3) 
CThaisrivongs, et al., J. Med. Chem. 1987, 30, 976) to yidd the compound 0-7, The 
compound 0-7, reacted with LiOH, gives the compound 0-8. The compound 0-8 is reacted 
with the compound 0-9 using (Et02)P(0)CN to give the compound O-IO. TTie compound O- 
10 is converted to the compound 0-11 by means of acid solvolysis. This insert 0-11 may then 
30 by coupled to the amino terminus segment of a pqitide by procedures readily known and 
available to one of ordinary skin in tfiie peptide synthesis art 

As is apparent to those of ordinary skill in the art, the compounds of the present 
invention can occur in several diastereomeric forms, depending on die configuration around the 
asymmetric carbon atoms. All such diastereomeric forms are incjuded within the scope of the 
35 present invention. Preferably, the stereochemistry of die amino acids corresponds to that of the 
naturally occurruig amino adds. 
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The present Invention provides for compounds of formula I or pharmacologically 
acceptable salts and/or hydrates thereof. Pharmacologically acceptable salts refers to those salts 
which would be readily apparent to a manufecturing pharmaceutical chemist to be equivalent to 
tiie parent compound in properties such as formulation, stability, patient acceptance and 
5 bioavailablility. 

The compounds of the present invention are useful for treating patients infected with 
human immunodeficiency virus (HIV) Which results in acquired immunodeficiency syndrome 
(AIDS) and related diseases. For this indication, tiiey are administered by oral, nasal, 
transdermal and parenteral Cmcluding i.nL and i.v.) routes in doses of 1 mg to 100 mg/kg of ' 
10 body weight. . 

Those skaied m the art would know how to formulate the compounds of tiiis invention 
into appropriate pharmaceutical dosage forms. Examples of the dosage forms include oral 
formulations, such as tablets or capsules, or parenteral formulations, such as sterile solutions. 
When tiie compounds in this invention are administered orally, an effective amount is 
15 from about 1 mg to 100 mg per kg per day. Either solid or fluid dosage fonns can be prepared 
for oral administration. Solid compositions are prepared by mixing the compounds of tiiis 
invention with conventional ingredients such as talc, magnesium stearate, dicalcium phosphate, 
magnesium alummum silicate, calcium sulfate, starch, lactose, acacia, mefliyl cellulose, or 
functionally similar pharmaceutical diluents and carriers. Capsules are prepared by mixing the 
20 compounds of fliis invention with an inert pharmaceutical diluent and placing the mixture into 
an appropriately sized hard gelatin capsule. Soft gelatin capsules are prepared by machine 
encapsulation of a slurry of the compounds of this invention with an acceptable inert oil such as 
vegetable oU or light liquid petrolatum. Syrups are prepared by dissolving the compounds of 
this invention in an aqueous vehicle and adding sugar, aromatic flavoring agents and preserva- 
25 tives. Elixirs are prepared using a hydroalcoholic vehicle such as etiianol, suitable sweeteners 
such as sugar or saccharin and an aromatic flavoring agent. Suspensions are prepared with an 
aqueous vehicle and a suspending agent such as acacia, tragacanth, or methyl cellulose. 

When the compounds of this mvention are administered parenterally, they can be given 
by injection or by mtravenous infusion. An effertive amount is from about 1 rag to 100 mg 
30 per kg per day. Parenteral solutions are pr^ared by dissolving the compounds of tiiis inven- 
tion in water and filter sterilizing the solution before placing in a suitable scalable vial or 
ampule. Parenteral suspensions are prepared in substantially tiie same way except a sterile 
suspension vehicle is used and the compounds of this invention are sterilized with ethylene 
oxide or suitable gas before it is suspended in tiie vehicle. 
35 TTieexactrouteof administration, dose, or frequency of administration would be 

readily determined by those skilled in the art and is dependant on the age, weight, general 
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physical condition, or other clinical symptoms specific to the patient to be treated. 

Patients to be treated would be those individuals: 1) infected with one or more than 
one strain of a human inuminodeficicncy virus as determined by the presence of cither 
measurable viral antibody or antigen in the serum and 2) having either an asymptomatic HIV 
5 infection or a symptomatic AIDS dei^g infection such as i) disseminated histoplasmosis, ii) 
isoporiasis, iii) bronchial and pulmonary| candidiasis including Pneumocystis pneumonia, iv) 
non-Hodgkm's lymphoma, or v) Kaposi's sarcoma and being less than sixty years old; or 
having an absolute CD4+ lymphocyte count of less than 500/mm^ in the peripheral blood. 
Treatment would consist of maintaining an inhibitory level of the compounds of this invention 
10 in tiie patient at all times and would continue until the occurrence of a second symptomatic 
AIDS defining infection indicates alternate tfierapy is needed. 

TTie utility of representative compounds of the present invention has been demonstrated 
in several biological tests as described below. 

Hie HIV-1 protease has been expressed m E. coli, isolated, characterized and used to 
15 determine the inhibitory constants (Kj) of potential inhibitory compounds as follows: 

The synthetic peptide H-Val-Ser-GIn-Asn-Tyr-Pro-He-Val-OH serves as the substrate 
for the measurement of HIV-1 protease activity. This peptide corresponds to the sequence from 
residue 128 to 135 in tiie HIV gag protein. Cleavage of the synthetic peptide, as well as the 
gag protein, takes place at the Tyr-Pro bond. HIV-1 protease artivity is measured at 30**C in 
20 50 mM sodium acetate, pH 5.5, containing 10% glycerol, 5% ethylene glycol, 0.1% Nonidet 
P-40 and 2.8 mM substrate in a total volume of 50 /d. After 30 minutes of incubation, 75 pi 
of 1% trifluoroacetic acid CTFA) is added and the reaction mixture subjected to HPLC analysis. 
HPLC is carried out with a Vydac Cjg colunm (0.46 x 15 cm), eluting with a linear gradient of 
0-30% acetonitrile over a period of 25.mmutes at a flow rate of 1.0 ml/minute. 
25 TTie values of representative compounds of the present invention are listed in the 

preparations below. 

Some of the compoimds of the present invention have been further evaluated in a CV-1 
cellular assay described below, where it was demonstrated that the retrovirus-inhibiting effect 
was due to the inhibition of HIV-1 ptdtease. 

30. CV-1 cells were seeded at 2 x 10"^ cells/well in 24 well Costar dishes and infected 6 to 

12 hours later widi vVK-1 at 5 PFU/cell (V. Karacostas, et al., "Human Immunodeficiency 
Virus-Like Particles Produced by a Vaccinia Virus Expression Vector (retrovirus/AIDS/virus 
assembly/reverse transcriptase/ Proc. Nad. Acad, Sci., USA. 1989). The test c6mpounds 
were dissolved in DMSO containing 2.5% fetal bovine serum and added to triplicate wells 

35 immediately after virus addition. Twenty-four hours after infertion the culture medium was 
removed, die monolayer washed with 1 ml of PBS and the cells lysed by the addition of 0.1 ml 
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of loading buffer (62.5 mM Tris-H Q pH 6,8. 2.3% SDS, 5% B-mercaptoethanoI. 10% 
glycerol). The cells lysates were colleaed individually, placed in boiling water for 3 minutes, 
and then 0.025 ml of each is subjected to electrophoresis on 12% SDS-polyacrylamide gels. 
The proteins were electroblotted onto nitrocellulose and analyzed by Western blotting. The 
5 primary antibodies were sheep anti^4 and sheep anti-Prl7 and the secondary antibody in 
both cases was alkaline-phosphatase conjugated rabbit-anti sheep IgG (all obtamed from 
Kirkegaard & Perry Laboratories, Gaitiersburg. MD). 

Test compounds significantly inhibited proteolysis of the HIV-I gag polyprotein (Pr55) 
to the mature viral structural proteins Pr24*and Prl7 m the above cells infected with the 
10 recombinant vaccina vmis expressing the HIV-1 gag-fol genes. The HIV-1 like particles 
released from inhibitor-treated cells contained almost exclusively Pr55 and other gag 
precursors, but not Pr24. 

The % inhibition values of representative compounds are listed in the examples below. 
The following compounds of the present invention are preferred: 
15 l-naphthoxyacetyl-(>i)hosphoryl-L"threonyl-5S-amino-6-cycIohexyMS-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-ammomethyIpyridine, dipotassium salt; or Noa-0-P03K2-Thr- 
CVA-Ile-Amp; 

l-naphthoxyacetyl-0-phosphoryl-L-seryl-5S-amino-6-cycIohexyMS-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-aminomethyIpyridine, dipotassium salt; or Noa-0-P03K2-Ser- 
20 CVA-Ile-Amp; 

Na-[(2S.4S,5S)-5-IN-C2-Pyridinylcarbonyl)amino]-6-cyclohexyI-4-(Oi)hospho^^^^ 
isopropyl-l-oxohexyl]-N-(2-benzimidazolyImethyl)-L-isoIeucmamide, trifluoroacetic acid salt; or 
2PyC0 CVP neAmb; 

Nof-[(2S,4S,5S)-5-[N-[(3-Pyridinyl)methoxycarbonyl]amino]-6-cyclo 
25 phosphoryl)-2-isopropyl-lK)xohexyl]-N-(2-benzimidazolylmethyl)-L-isoleucinamide, 
trifluoroacetic acid salt; or 3Poc CVP He Amb; 

N-[(2S,4S.5S)-5-[N-C-PyridinyIcarbonyl)aminol-6-cyclohexyl-4-(aphosphoiyl>^^ 
isopropyl-l-oxohexylJ-N-[(lS,2R)-2-hydroxy-l-indanyl]amine. trifluoroacetic acid salt; or 2Py 
CO CVP Ahi; 

30 N-[C2S,4S,5S)-5-[N-[2-(3-Pyridinyl)ethenylcarbonyl]araino]-^cl^ 

phosphoryl)-2-isopropyl-l-oxohexyl]-N-[(lS.2R)-2-hydroxy-l-indanyl]amine; or 3Py 
CH=CHCO CVP Ahi; 

3-(0-phosphoryl-4-OH-phenyl)-butyryl-L-histidyl-5S-amino-6<yclohexyMS-h^ 
2S-isopropyl-hexanoyl-L-isoleucyI-2-aminomethylpyridine; or Dat(0-P03H2)-His-C VA-Ile- 
35 Amp; 

N^-[(2S,4S,5S)-5-[N-[N^-(l-Naphthalenyloxyacetyl)-L-histidyl]amino-6-cyclohexyM- 
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(Oi)hosphoryI>2-isopropyl-lK)xohexyl]-N-(2-pyridmylmethyl)-L-iso 
acid salt; or NOA.His.(OP03H2)CVA.Ile-Ainp; 

l-Naphthoxyacetyl-L-histidyl-5S-amino--6-cydohexyMS-hydroxy-2S-isopropyl- 
hexanoyl-O-phosphate-Lrseryl-2-pyridyImethyIanude; 
5 N^-[(2S,4S,5S)-5-iN-(2-pyriimyl carbonyl)amino].6-cycIohexyl-HO-phosphoryI)-2- 

isopropyl-l-oxohexyl]-N-C2-pyridinylmepiyl)-L-isoleucinamidetrifluoroa^^ acid salt; or 2- 
pyridinyl carbonyl-(OP03H2)CVA-lle-Ainp; 

N^-[(2S,4S,5S)-5-[N-<2-pyrjdinyl carbonyI)ainino]-6-cycIohexyl^(0-phosphoryl)-2- 
isopropyH-oxohexyl]-N-^-pyridinyIinethyl)-L-isoleucinainide hydrochloride salt; and 
10 Na"[(?S,4S,5S)-5-[N-[2.[242-<2.Methoxyethoxy)ethoxyIethoxy]phM^^ 
6.cyclohexyl-4-hydroxy-2-isopropyI-lK)xohexylJ-N-(2-benzimida2olylmeA^^ 
or Mee CVP He Amb. 

The most preferred compounds of the present invention are the following: 
l-naphthoxyacetyIO-phosphoryl-L-threonyl-5S-amino-6-cyclohexyMS-hydroxy-2S- 
15 isopropyl-hexanoyl-L-isoIeucyl-2-aminomediylpyridine, dipotassium salt; or Noa-0-P03K2-Thr- 
CVA-Ile-Amp; 

l-naphthoxyacetyI-0-phosphoryI-L-seryl-5S-amino.6-cyclohexyl-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-aminomethylpyridine, dipotassium salt; or Noa-0-P03K2-Ser- 
CVA-Ile-Amp; and 

20 Na.[pS,4S,5S)-5-[N-(2-PyridinyIcarbonyl)amlno]-6-cyclohexyl-4-(^ 

isopropyM-oxohexyl]-N.(2-benzimidazolylmethyl)-L.isoIeucinamide, trifluoroacetic acid salt; or 
2Py CO CVP He Amb. 

The preferred parent compounds of the prodrug compounds of the present invention 

are; 

25 1-Noa-His-Cha PSI(CHOHCHOH]VaI.Ile-Amp; or IH-ImidazoIe-4-propanamide, N-f 1- 

(cyclohexylmethyI>2,3-dihydroxy-5-methyl-4-[[[2-methyH-[[(2- 
pyridinylmethyl)ammo]carbonyllbutyl]-[amino]carbonylJhexyI].a-i[(l-naphthalenyloxy)- 
acetyl]amino]-, [1S.I1R*(R*),2S* 3S* 4S*(lR*,2R*)l]s or NOA-His-CVD-Ile-Amp; 

((5-<3,6,9J2,15"^entaoxa-hexadec-l-yl)oxy)naphthalcn.ly0oxyacetyl-I^vaIinyl-^^^ 
30 amino-6-cydohexyl-3i?,4R-dihydroxy-2Risopropyl"hexanoyl-L-i^^ 
aminomethylpyridine; or S-PentaegNoa-Val-CVD-He-Amp; 

l-naphthoxyacetyI-L-<hreonyl-5S.amino-6-cyclohexyMS-hydroxy-2S-isopropyl- 
hexanoyl-L-isoleucyl-2-aminomediyIpyridine; or Noa-Thr-CVA-llfr-Arap; 

l-naphthoxyacetyl-I^eryl-5S-amino-6<yclohexyI-4S4iydroxy-2S-isopro 
35 isoleucyl-2-aminomethylpyridine; or Noa-Ser-CVA-Ile-Amp; 

l-naphthoxyacetyl-L-threonyl-5S-amino-6-cyclohexyI-3R,4R-dihydroxy-2R-isopropyI- 
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hexanoyl-L-isoleucyl-2-aminomethyIbenzimidazole; or Noa-Thr-CVD-Ile-Amb; 

1- naphthoxyacetyI-I^eryl-5S-amin()-6-cyclohexyI-3R.4^^ 
hexanoyI-L-isoIeucyl-2-aminomethyIbenzimida2oIe; or Noa-Ser-CVD-Ile-Ainb; 

((5-(8-amino.3,6Klioxa-oct-l-yI)oxy)naphthalen-l-yl^^^ 
5 (7dohexyI-3/f,4«Klihydroxy.2R.faop^n)pyIh«^ 

2- [2^-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl-5S-amino-^ 
dmydroxy-2R-isopropyI*exanoyI-I^isoltucyl-2-aimnom^^^ or Mee-CVD-IIe- 
Amb; • 

l-naphthoxyacetyl-L-threonyl-5S-aniIno-i5-cycIohexyI.3R.4 
10 hexanoyl-lS-aniino-2R-hydroxy-indane; or NoarThr-CVD-Ahi; 

l"naphthoxyacetyl-L-seryI-5S-aimno-6-cycIohexyl-3R,4R-<I 
hexanoyMS-aniino-2R-hydroxy-indane; or Noa-Ser-CVD-Ahi; 

l"naphthoxyacetyl-L"histidyl-5S-amino-6-cycIohexyI-3R,4R-dih^^ 
hexanoyHS-ammo-2R-hydroxy-indane; or Noa-His-CVD-Ahi; 
15 3-(^MroxyphenyI)-butyryl-L-valyI-5S-amino-6-cyclchexyl-4S-h^^ 
hexanoyl-L-isoleucyl-2-aminomethyIbenzimidazole; or Dat-Val-CVA-He-Amb; 

4-morpholinecarbonyl-L-valyl-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isoprop 
hexanoyI-L-isoleucyl-2-aininomethylpyridine; or Morph-Val-CVA-Ile-Amp; and 

2.[(2-phenoxy)ethoxy]benzoyl-5S-amino-6<ycIohexyI-3R,4RKlihydroxy-2R-^^^^ 
20 hexanoyl-L-isoleucyI-2-aminomethylbenziinidazole; or Peb-CVD-Ile-Amb. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the Preparations and Examples below and throughout this document; 

^H-NMR is nuclear magnetic resonance; 

Aai is lS-amino-2R acetoxy-indane; 
25 Ac is acetyl; 

Acb is 2-acetoxybenzoyl; 

AcO is acetyloxy; 

Ahi is lS-amino-2R-hydroxy-indane; 

Amb is 2-aminomediylbenzimidaz9le; 
30 Amp is 2-(aminometfay]) pyridine; 

Amp-NO is (2-pyridyImethyl) amino Q)yridine N-oxide); 

Apb is 4-[(3-amino-2-pyridinyl)aminol-2-butenyl-amine: 

Ape is 2-r(3-amino-2-pyridinyI)anunoJethyIamine; 

Apr is 2*(2-pyridinyIamino)-ethyIamide; 
35 Asn is asparagine; 

BiotinoyI is 4-([3aS-(3aof,4iJ,6aa)]-lH-thieno[3,4-d]imidazoIyl)-pentanoy!-; 
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Boc is t-butoxycarbonyl; 

BOC-ON is 2-(tert-butoxy(ari)onylK)xyimino>2-phenyIacetonitrile; 
BOP is ben2otriazoI-l-yloxytris(dimethylamino)phosphonium hexafluorophosphate; 
BroP is Bromo tris (dimefliylamlno) phosphonium hexafluorophosphate; 
5 Bz or Bd is benzyl; ' 

C is centigrade; | 
Chz is benzyloxycarbonyl; 

CcD is the moiety of formula X wherein R^. is cyclohexyl, is a-hydroxy, R4. is a- 
hydroxy and R3 is i5-CH2-cycIohexyI; 
10 CCD is the moiety of formula X wherein Ry is cyclohexyl, Rj. is a-hydroxy, R3 is a- 

CH2-cyclohexyl and R4. is a-hydroxy; 

CDCI3 is deuteriochloroform; 

Celite is a filter aid; 

CVA is Cha^[CH(0H)CH2]VaI of formula X wherein R^. is cyclohexyl, R2. is 
15 hydrogen, R3 is a-isopropyl and R4. is a-hydroxy and is preferably 5S-amino-€-cyclohexyMS- 
hydroxy-2S-isopropyl-hexanoyl; 

chpVA is the moiety of formula X wherein Rj. is cycloheptyl, Rj. is hydrogen, R3 is 
of-isopropyl, and R^t is a-hydroxy; 

CLA is the moiety of formula X wherein Ry is cyclohexyl, R2. is hydrogen, R3 is -a- 
20 isobutyl, and R4. is a-hydroxy; 

CLD is the moiety of formula X wherein Rp is cyclohexyl, R2. is a-hydroxy, R4. is a- 
hydroxy and R3 is a-isobutyl; 

CPD is the moiety of formula X wherem Rj. is cyclohexyl, R2. is a-hydroxy, R4. is a- 
hydroxy and R3 is a-benzyl; 
25 CVD is the moiety of formula X wherein Ry is cyclohexyl, Rj. is a-hydroxy, R3 is a- 

isopropyl and R4. is a-hydroxy and is preferably 5S-amino-^clohexyI-3R,4R-^ihydroxy-2R- 
isopropyl-hexanoyl; 

CVD' is the moiety of formula X wherem Rp is cyclohexyl, Rj. is ^-hydroxy. R4. is 
cf-hydroxy, and R3 is of-isopropyl; 

30 CVP or (OP03H2)CVA is 5S-amino-6-cyclohexyMS-(Oi)hosphoryl)-2S.isopropyl- 

hexanoyl; 

DANS is dansyl or 5-dimethylaminonaphthaIenesulfi)nyl; 
Dat is des-amino-tyrosine; . . 
DCC is dicyclohexylcarbodiimide; 
35 DEPC is diethylphosphoryl cyam'de; 

Des-amino-tyrosine (OPO3H2) means the hydrogen atom of the hydroxy group of the 
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des-amino tyrosine anuno acid is substituted by -OPO3H2; 

DIPEA is N^N-diisopropylethylamine; 

DMF is N,N-dimethylfonnamide; 

DMSO is dimethylsulfoxide; 
5 DNP is 2,4-dinitrophenyl; | 

ET3N is triediylamine; 

ET2O is dietliyleiher; ' 

EtOAc is ethyl acetate; 

FAB is fast atom bombardmwit; 
10 g is grams; 

GIu is glutamine; 

5-Glu is 5-glutamyl acid; 

Gly is glycine; 

Gin is glutamine; 
15 Hexaeg is hexa(ethyIeneglycol); 

His is L-histidine; 

Hmb is 2-hydroxy-3-methyl-butyryl; 
Hyb is 2-hydroxyben2oyl; 
N-MeHis is Not-methyl histidine; 
20 HOBT is 1-hydroxybenzotriazole; 

HOAc is acetic acid; 

Hpa is 2-hydroxyphenethylamine at the C-terminus or is hydroxyphenylacetyl at the N- 
terminus; 

HPLC is high performance liquid chromatography; 
25 Hsr is U-homoscrine; 

lie is L-isoleucine; 
IR is infrared spectrum; 
Iva is bovaleryl; 

LCA is the moiety of formula X wherein is isopropyl, R2 is hydrogen, R3 is -ot- 
30 CH2-cycIohexyl and R4 is ot-hydroxy; 

LFA is the difluoro Icetone version of statine analogue as described more fully in PCT 
Pub. No. WO86/06379 (6 November 1985). and is the moiety of formula IV wherein R^ is 
cyclohexylmethyl; 

LFD is -L-Leu-[R,R-CH(OH)CH(OH)Phe- or 5S-amino-2S"benzyI.3R,4R^ihydroxy-7 

35 methyl-octanoyi; 

LLA is the moiety of formula X wherein R| is isopropyl, R2 is hydrogen, R3 is -a- 
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isobutyl, and R4 is a-hydroxy; 

LID is the moiety of formula X wherein Rj is isopropyl. R2 is ^-hydroxy, R4 is /5- 
hydroxy and R3 is iS-isobutyl; 

LLd is the moie^ of formula X wherein R^ is isopropyl, R2 is a-hydroxy, R4 is o(. 
5 hydroxy, and R3 is i3-isobutyl; ' 

LLD is the moiety of formula X Iwherein Rj is isopropyl, R2 is of-hydroxy, R4 is of- 
hydroxy, and R3 is of-isobutyl; 

LPA is the moiety of formula X wherein Ri is isopropyl, R2 is hydrogen, R3 is -a- 
benzyl and R4 is a-hydroxy; . - 

10 LVA is Leu^(CH(0H)CH2)Val with the S configuration at C4 (the hydroxyl-bearing 

carbon atom) of the formula X wherein Rj is isopropyl, R2 is hydrogen, R3 is a-isopropyl and 
R4 is a-hydroxy; 

LVD is the diol version of LVA as described more fully in PCX Pub. No. 
WO87/05302 (11 Sq)tember 1987) and is the moiety of formula X wherein Rj is isopropyl, R2 
15 is a-hydroxy, R4 is a-hydroxy and R3 is a-isopropyl; 

LVDA' is the moiety of formula X wherein Rj is isopropyl, R2 is iS-hydroxy, R4 is a- 
hydroxy, and R3 is a-isopropyl; 

M or mol is mole; 

Mba is 2S-methylbutylamine; 
20 Me is methyl; 

Meb is 2-[p-methoxy)ethoxy]benzoyl; 

Mee is 2-[2-C2-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl; 

MeOH is methanol; 

Mep is 3.[2-^-methoxy)ethoxy)ethoxy]pyridyl-2-carbonyl; 
25 ml is milliliter; 

Moc is methoxycarbonyl; 

Morph is 4-morpholinecarbonyl; 

Mpb is 4-methyl-2-[(2i)henoxy)ethoxy]benzoyl; 

Mpc is 3-[2-P-(2-meflioxy)ethoxy)ethoxy)ethoxy]pyridyl.2-carbonyl; 

30 MPLC is medium pressure liquid chromatography; 

MS is mass spectroscopy; 

Mtb is 2-[2-(2-methoxy)ethoxy)ethoxy]benzoyI; 

Npb is 4-I(3-nitro-2-pyridinyl)amino]-2-butcnylamine; 

Npe is 2-[(3-nitro-2-pyridinyI)ammo]ethylamine; 
35 NOA is (l-naphthyloxy)acetyl; 

0-phosphoryl is -OPO3H2; 
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OP03K2-Ser means the hydrogen atom of the hydroxy group of the serine amino acid 
is substituted by -OPO3K2; 

OP03K2-Tlxr means the hydrogen atom of the hydroxy group of the threonine amino 
acid is substituted by -OPO3K2; 
5 Peb is 2-[(2-phenoxy)ethox^]benzoyI; 

Pentaeg is penta(ethyleneglycol); 

Pep is 3-[C2-phenoxy)ethoxy]prl)pionyl or is 2-I(2-phenoxy)ethoxy]ben2oyl; 
Ph is phenyl; 
Phe is phenylalanine; 
10 POA is phenyloxyacetyl; 

2 Poo is (2-pyridinyI)methoxycarbonyl; 

3 Poc is (3-pyridinyl)methoxycarbonyl; 

4 Poc is (4-pyridinyI)methoxycarbonyI; 

Ppc is 3-[2-(phenoxy)ethoxy]pyridyl-2-carbonyl; 
15 PPD is the moiety of formula X wherein R| is phenyl, R2 is a-hydroxy, R4 is a- 

hydroxy and R3 is a-benzyl; 
Pro is L-proline; 

Ptb is 2-[(phenyIthio)methoxy]benzoyl; 

Rc is 3-t^henyIthio)medioxy]pyridyI-2-carbonyl; 
20 2 Py is 2-pyridinyl; 

3 Py is 3-pyridinyl; 

2-Py-Ala is D,L-(3-pyridyl>-alanine; 

Ser is L-serine; 
TBA or Tba is t-butylacetyl; 
25 TBDMS is tert-butyldimethylsilyl; 

TBAP is tetra-n-butylammonium phosphate; 
TEA is triethylamine; 
TFA is trifluoroacetic acid; 
THE is tetrahydrofiiran; 
30 Thr is L-threonine; 

TLC is thin layer chromatography; 
Tma is re/r-butylmethylamine; 

Tos is p-toluenesulfonyl; ' • 

Trieg is tri(ethylenegIycol); 
35 TsOH is p-toluenesulfonic acid; 

Tyr is tyrosine; 



wo 92/17490 



PCr/US92/02238 



-34. 

(0CH3)Tyr is O-methyl tyrosine; and 
Val is L-valine. 

In formula X, wherein the variables are as defined above, "oe* is tised to indicate the 
substituent is below the plane of the drawing and "jS" is used to indicate the substitaent is above 
5 the plane of the drawuig. ' 

The wedge-shape line indicates a|bond which extends above the plane of the paper 
relative to the plane of the compound thereon. 

The dotted line indicates a bond which extends below the plane of the paper relative to 
the plane of the compound thereon. . 
10 The following Preparations and Examples illustrate the present invention: 

PREPARATIONS 1-106 

Using the chemical procedures, starting materials, and reactants described in 
International Application, PCT/US90/058I8, filed 16 October 1990, pages 34-57, which is 
incorporated by reference herein, or methods analogous thereto, all of which are readily known 
15 and available to one of ordinary skill in the art, the following parent compounds of the present 
invention, having the indicated physical characteristics, are prepared: 

(1) L-Isoleucinamide, N-(5-amino-4-hydroxy-7-methyI-2-(l-methylethyl)-l-oxooc- 
^l]-N-(2-pyridinylmethyl)-, trifluoroacetate, (S,S,S)-; or H-LVA-Ile-Amp; 

(2) lH-Iniidazole-4-propanamide, N-[2-hydroxy-5-methyl-l-(2-methylpropyl)-4-[[[2- 
20 methyI-l-[[(2-pyridinylmethyl)amino]carbonyl]butyl]amino]carbonyl]hexyI]-cif-[Qp^ 

amino!-, [1S-[1R*,2R*,4R*(1R*,2R*)]]- ; or POA-His-LVA-IIe-Amp; 

(3) lH-Imida2ole-4-propanamide, N-fl"(cyclohexyImethyI)-3.3-difluoro-4-[[2- 
methyl-l-[[(2-pyridinylmethyl)amino]carbonyI]butyl]amino]-2,4-^ 
naphthalenyloxy)acetyl]aminol-, [lS-(lR*(aR*),2R*]l-; or NOA-His-LFA-He-Amp; 

25 (4) lH-Imida2ole-4-propanamide, a-[[2-(acetyloxy>-3-(l-flaphthalenyl)-l- 

oxopropyl]ammo]-N-[l-(cyclohexylmethyl)-3,3Klifluoro-4-[[2-methyl-^ 
methyl)amino]carbonyl]butyl]amino]-2,4-dioxobutyl]-. [lS-[lR*[oJl*(R*)I.2R*l]-; 

(5) L-Histidinamide, N-[(l,l-dimethylethoxy)carbonyI]-L-phenjrlaIanyl-N-Il- 
(cyclohexylmefliyl)-3,3-difluoro-4-[[2-methyl-l-[[(2-pyridinyl^ 

30 butyl]amino]-2,4-dioxobutyl]-; or Boc-Phe-His-LFA-He-Amp; 

(6) lH-Imida2ole'4-propanam!de, N-IHcydohexylmethyl)-2-hydroxy 
[[[2-methyl-l-[[G2-pyridinyImethyl)aminoIcarbonyl]butyl]amino]carbony 

. [(phenoxyacetyl)amino]-, [1S-[1R*(R*).2R*.4S*(1R* 2R*)]]-; or POA-His-CLA-Ile-Amp; 

(7) lH-Imidazole-4-propanamide, N-i2,3-dihydroxy-5-methyH-(2-methylpropylH- 
35 [[[2-methyl-l-[[(2-pyridinylmethyl)amino]carbonyl]butyn 

I(phenoxyacetyl)amino]- [1S-[1R*(R*),2S* 3R* 4R*(1R»2R*)]]-; or POA-His-LVDA-IIe-Amp; 
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(8) IH-Imidazole^propanamide, N-[2,3-dihydroxy-5-methyl-4-[[(2-methyl- 
butyl)amino]carbonyl]-I-(2-raethyIpropyI)hexyl]-a-[(phenoxyacetyl)^^ 
[1R*(S«),2S* 3S* 4S*(S*)J]-; or POA-His-LVDA-Mba; 

(9) Boc-Phe-His-Cha psi[CHOHCHOH]VaI-ne-Ainp; or L-Histidinamide. N-I(l.l- 
5 dimethylethoxy)carbonyl]-I^henyI|danyl-N-[l-(cycIohexylmethyIK^ 

ffP-methyl-l-[[(2-pyridtnyImcthyl)aminoJcarbonyI]butyl]aminoJ^ [IS- 
[IR* 2S* 3S* 4S*(1R*,2R*)]]-; or BOb-Phe-His-CVD-De-Amp; 

(10) 1-Noa-His-Cha PSI[CHOHCHOH]Val-ne-Amp; or lH-Imidazol<HJ-propanan.- 
ide, N-[l-(cydohexylinethyI)-2.3-dihydroxy-5-methyl-4-[ff2-raethyl-l-[[(2- 

.10 PyridinyImethyl)ammo]carbonyI]butyIHaminoJcarbonyl]hexyl].a-[[(l.naphthaIm^^^ 
acctyl]aminoJ-, [1S-I1R*(R*),2S* 3S*.4S*(1R*,2R*)]I-; or NOA-His-CVD-ne-Amp; 

(11) lH-Iinidazole-4-propananude, N-[2-hydroxy-6-methyl-l-(2-methylpropyl)-4-I[[2- 
inethyl.l-[[(2-pyridinylmethyI)amino]carbonyl]butyl]aminolcarbonyIJhe^ 
[(phenoxyacetyl)amino]-. [1S-[1R*(R*).2R«.4S*(1R«.2R»)]J-; or POA-His-LLA-IIe-Amp; 

15 (12) 1H-Iniida2ole4.propanamide, N-[2-hydroxy-l-(2-methyIpropyl)-5-((2-methy!-l- 

I[(2-pyridinylmethyl)amino]carbonyIIbutylJamino]-5-oxo-4-ajhenylmethyI)penty^^^^ 
[(phenoxyacetyl)amino]-. [1S-[1R*(R*),2R«.4S«,5(1R*.2R*)]]-; or POA-His-LPA-Ile-Amp; 

(13) IH-Imidazole^propanamide, N-[4-(cycIohexylmethyl)-2-hydroxy-l-(2- 
methylpropyl)-5-[I2-methyI-l-[[(2i)yridinyIinethyl)amino]carbonyl]^^^^ 

20 [(phenoxyacetyl)aminoj-, riS-[lR*(R»).2R«.4S«.5(IR*.2R*)]]-; or POA-His-LCA-lIe-Amp; 

(14) L-Histldinamide, N-[(l,l-diinethylethoxy)carbonyIJ-L-phenyIalanyl-N-[2- 
hydroxy-l.(2-methylpropyl)-5-[I2-methyl-l-[[(2-pyridiny!njethyl)ammo]carbonyl]but^^ 
oxo-4-(phenylmethyI)pentylJ-, [1S-[1R',2R* 4S*,5(1R* 2R«)]]-; or Boc-Phe-His-LPA-IIe-Ainp: 

(15) L-Histidinamide, N-[(l,l-dimethylethoxy)carix)nyl]-Li)henyIalanyI-N-[4- 
25 (cydohexylmethyl)-2-hydroxy-l-(2-metIiylpropyI)-5-[[2-methyl.l-r[(2-pyridinylm^^^ 

ainino]carbonyllbutyl]amlno]-5-oxopentyI]-, [1S-I1R*2R*.4S*,5(1R*2R*)J]-; or Boc-Phe-His- 
LCA-Ile-Amp; 

(16) L-Talonanude, 6-cyclohexyl-2A6^deoxy-5-IN-IN-Kl,I-<Iiinethyleth- 
oxy)carbonylJ-I^henylaIanyl]-L-histidyI]amino>2-(l-methylefliyl)-N-[2-methyl-^ 

30 pyridinylmethyOaminoJcarbonylJbutyll-, (S-(R* R*)]-; or Boc-Phe-His-CVDMIe-Amp; 

(17) L-Histidinamide, N-[(l,l-dimethylethoxy)carbonyI]-L-phcnylalanyl-N-(2,3- 
dihydroxy-5-methyI-l-(2-mediylpropyl)-4-[[(2-methyl-l.[[(2-pyridinyImetliyI). 
aminoJcarbonylJbutylJaminoJcarbonylJIiexylK [1S.I1R*,2S*,3R*.4-Amp; or Bo'oPIie-His- 
LVDA*-ne-Amp; FAB-MS: [m + H]+ at 835.5084; 

35 (18) 4-Morpholinebutanamide, £-liydroxy-N-[2-[(2-hydroxy-5-methyl-l-(2- 

metliylpropyI)-4-[I[2-methyl-l-([(2-pyridinyIniethy!)amino]carbonyl]butyI]aminoI- 
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carbonyl]hexyI]amiDo]-l-(lH-inudazoI-4-yIme%l)-2K)xoethyI]-a-( 
IlS-[lR*[R*(aS*.fiR*)],2R*.4R*(lR»2R*)]]-; 

(19) lH-Iinida20le-4-piX)panamide, N-[l-(cyclohexylincthyI)-2-hydroxy-5-inethyI-4- 
I[[2-methyI-l-[[(2i)yridmyImethyl)amino]carbonyI]butyI]a^^ 

5 [(phenoxyacetyl)aminoK IlS-[lR*(Rbt2R*,4R*(lR* 2R*)]J-; or POA-His-CVA-ne-Amp; 
FAB-MS: [m + H]+ at 746,4598; | 

(20) lH-Imidazole-4-propanamide, o(-[[[5-(dimethyIamino)-l-naphthalenyl]su- 
lfonyl]amino]-N-[2-hydroxy-5-methyI-l-(2-methylpropyI)^^^^ 
pyridinylmcthyl)amino]carbonyI]butyI]amino]carbon;rijhM^^^ [1S-[1R*(R*).2R*,- 

10 4R*(1R* 2R*)]].; or DANS-His-LVA-De-Amp;' 

(21) lH-ImidazoIe-4-propanainide. N-fl-(cycloheptyImethyl)-2-hydroxy-5-methyl-4. 
[[[2-methyl-l-r[(2-pyridinylmethyl)ainino]carbonyI]butyI]amm 

[(phenoxyacetyl)ainino]-, flS-[lR*(R*),2R* 4R*(1R* 2R*)]]-; or POA-His-chpVA-Ile-Amp; 

(22) L-Histidinamide, N-[[5-(dimethyIamiDo)-l-naphthaIenyI]suIfonyl]-L- 
15 phenylalanyl-N-p-hydroxy-S-methyl-l-p-methylpropyO-^-IfP-methyl-l^^^ 

pyridinylmethyl)ainino]carbonyl]butyl]amino]carbonyljhexyl]-. IIS-[1R*.2R*,4R*(1R*,2R*)]K- 
or DANS-Phe-His-LVA-Ile-Amp; 

(23) Octanamide, 5-[(3,3-dunethyl-l-oxobutyl)amino]^hydroxy-7-inethyl-2-(l- 
methyIethyl)-N-[2-methyI-l-[[GJ-pyridinyIraethyI)ainino]ca^ [2S- 

20 I1(1R*,2R*),2R*,4R*,5R*]I-; or TBA-LVA-IIe-Amp; FAB-MS: (m + H)+ at 533; 

(24) . Cyclohexanehexanamide, i-I(3,3-diniethyI-l-oxobutyI)amino]-T-hydroxy-a-(l- 
methylethyI>N-[2-methyl-l-[r(2-pyridinyImethyI)amino]carbonyI]butyU [aS- 

[N(IR* 2R*),aR*,rR* 5R*]]-; or TBA^VA-IIe-Amp; FAB-MS: [ra + H]+ at 573; 

(25) IH-Imidazole^propanamide, a-amino-N-[2-hydroxy-5-methyl-l-{2- 
25 methylp^opyl)-4-[[[2-methyI-^^[(2-pyridinylmethyI)am 

carbonyljhexyl]-, [1S-[1R*(R*).2R* 4R*(1R* 2R*)]]; or H-His-LVA-De-Amp; 

(26) L-Histidinamide, L-phenyIalanyI-N-[2-hydroxy-5-methyl-I-(2-inethyIpropyI>4- 
n[2-methyI-l-[[P-pyridinyImethyl)anuno]carbonyllbutyIlam [IS- 
(1R*.2R* 4R*(IR*,2R*)Jh; or H-Phe-His-LVA-IIe-Amp; 

30 (27) Cyclohexandiexanamide, 6-amino-T-hydroxy-a-(l-raethylethyI)-N-[[2-methyH- 

r[(2-pyridinyImethyl)]amino]carbonyl]butyl]-, dihydrochloride, [aS-[N(lR* 2R- 
*),ofR* rR* 3R*]].; or H-CVA-De-Amp; FAB-MS: [m + HI+ at 475; 

(28) Cyclohexandiexanamide. HacetyIanuno)-r-liydroxy-or-(l-methylethyI)-N-r2- 
methyl-l-[[^yridinylmethyl)amino]carbonyl]butyl], [ofS-[N(lR*,2R*).aR*.TR*,5R*J]-; or Ac- 

35 CVA-ne-Amp; FAB-MS: [m + HJ^ at 517; 

(29) Octanamide, 5-(acetyIamino)-4-hydroxy-7-methyI-2-<l-methyIethyI)-N-f2- 
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inethyl-I-[[p-pyridinyImethyI)ainino)carbonylIbutyI]-, PS-IN(1R* 2R*),2R* 4R*,5R*]]-, 
monoacetate (salt); or Ac-LVA-IIe-Amp; FAB-MS: (m + H]"*" at 477; 

(30) L-Valinamide, L-phenylaIanyl-N-[2^y{Iroxy-5-methyl.l-(2-methylpropyl)-4- 
[[[2-methyI-l-[[(2-pyridinylmethyl)iniiK)]caiboiiyl]butyI]anunol^ [IS- 

5 [1R*2R*4R*(1R*,2R*)]]-; or H-Pjhe-Val-LVA-He-Amp; 

(31) Octanamide, 5-[I2-(acetylamIno)-3-methyI-I-oxobutyI]aininoI-4-hydroxy-7- 
methyI-2-(l-inethylethyl)-N-[2-methyI-lL[[(2-pyridmylmethyl)an^ [2S- 
[N(1R* 2R*),2R* 4R« 5R*(R«)]J., monoacetate (salt); or Ac-Val-LVA-IIe-Amp; FAB-MS: [m 
+ Hl+at576; • ' 

^0 (32) L-Valinamlde, L-valyl-N-[2-liydroxy-5-methyl-l-(2-inethylpropyI)-4-[[[2.methyl. 

I-[[(2-pyridinyImethyI)amino]caibonyl]butyl]amino]carbonyI]hexyIK [IS- 
[1R*,2R*,4R*(1R* 2R*)]]-, diacetate (salt); or H-Val-Val-LVA-Ile-Amp; FAB-MS: [m + H]+ 
at 633; 

(33) Ac-Asn-LVA-ne-Amp; FAB-MS: [m + H]+ at 591; 
15 (34) L-Valinamide, N-acetyl-L-vaIyI-N-I2-hydroxy-5-methyI-l-(2-methyIpropyl)-4- 

[[[2-methyl-l-[[(2-pyridinylmethyl)amino]cart)onyl]butyIIamino]carbonyI]hexyI]-, [IS- 
[1R*,2R*,4R«(1R*,2R*)]1-. monoacetate (salt); or Ac-Val-Val-LVA-Ile-Amp; FAB-MS: [m + 
H]+ at 675; 

(35) Na-[pS,4S,5S)-5-[N-INct-(PhenoxymethyIcarbonyl)-L-histidyl]amino-4- 
20 hydroxy-2-isopropyl-7-methyl-l-oxooctyl]-N-[2-(2-pyridmyIamino)ethylJ-L-isoIeucinamide, 

acetic acid salt; orPOA-His-LVA-IIe-NH(CH2)2NH-pyridine; FAB-MS: [m + H]+ at 735; 

(36) IVA-LVA-Ile-Amp; FAB-MS: (m + H]+ at 519; 

(37) N-[(2S,4S,5S)-5-[Na-INof-(tert-Butoxycaibonyl)-0-mediyI-L-tyrosylJ-L- 
hisddyl]aminol-4-hydroxy-7-mediyl-2-phenylmethyI-l-oxooctyl]-N-[(S)-2-hydroxypropyI]ainine; 

25 or Boc-OMeTyr-His-LPA-NH-CH2-CH(CH3)(OH); FAB-MS: [m + H1+ at 751; 

(38) Ncif-[(2S,4S,5S)-5-IN-INa-(Phenoxymethylcarbonyl)-L-hlsUdyl]aminol-4- 
hydroxy-2-isopropyI-7-methyl-l"Oxooctyl]-N-(2,3-dihydroxypropyI)-L-isoleucinamide;or POA- 
His-LVA-IIe-NH-CH2-CH(OH)-CH20H; FAB-MS: [m + H1+ at 689; 

(39) Ncr-[(2S,4S,5S)-5-[N-(Na-^henoxymethyIcarbonyl)-L-histidyl]-amino-4- 

30 Iiydroxy-2-isopropyl-7inediyl-l-oxooctyl]-N-(2-hydxoxypropyI)-L-isoIeucinamide; or FOA-His- 
LVA-Ile-NH-CH2-CH(CH3)(OH); FAB-MS: Im + HJ+ at 673; 

(40) No(-[(2S,4S,5S)-5-t[Na[(S)-l-Acetoxy-l-benzyI)methylcarbonyI]-L- 
histldyI]amino]-4-hydioxy-7-methyI-^-(l-methylethyl>l-oxooctyl]-N-[2-pyridyl)ethyII-L- 
isoleucinamide; or AcO-Phe-His-LVA-Ile-NH-(CH2)2-i)yridine; FAB-MS: [m + H]+ at 776; 

35 (41) Na-[(2S,4S,5SV5-r((S)-(l-Hydroxy-l-benzyl)methyIcarbonyI]aminoJ^ 

hydroxy)-7-methyl-2-(I-methylethyl)-l-oxooctylJ-N-(2-pyridinylmethyI)-L-isoleucinamide; or 
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HO-Phe-LVA-De-Amp; High Resolution MS: 583.3880; 

(42) Na-[PS, 4S. 5S>5-[N-[Na-(l-NaphthalenyloxyacetyI).L-histidyl]aminol-6- 
cydohexyl-4-hydroxy-2-isopropyI-l-oxohexyl]-N-^-pyridinylmethyl)-L-isoleu^ 
pyridine N^xide; or NOA-His-CVA-ne-Amp-NO. HR FAB MS tm+iq+ at m/z 812.4748; 
5 (43) Na-I(2S, 4S, 5S)-5-[l^-[Na-(P-toluenesdfonyI)-L-4isUdyIJainino]-6^7d^ 

4-hydroxy-2-BopropyI-l-oxohexyl]-N-(2jpyridinyImethyl)-L-isoIeucin^ or p- 
Tolunesulfonyl-His-CVA-ne-Amp. HR FAB MS [m + H]+ at m/z 766.4348; 

(44) Na-ips, 4S, 5S)-S-[N-INa-(l->fephtbalenyloxyacetyI)-L-histidyl]ami 
cycIohexyl-4-hydroxy-2-isopropyl-l-oxohexyl]-N-(2-pyridinyImethyl)-L-isoIe 

10 NOA-Hls-CVA-ne-Amp. HR FAB MS [m + H]+ at m/z 796.4794; 

(45) Na-[(2S, 4S, 5S)-5-[N-[Na-<PhenoxymethyIcarbonyl)-L-histidyl]aminoI-6- 
cyclohexyl-4-hydroxy-2-isopropyM-oxohexyIl-N-C2-pyridinyImethyI)-L-isoIeucinamide, 
pyridine NK)xide; or POA-His-CVA-ne-Amp-NO. HR FAB MS [m + H]+ at m/z 762.4574; 

(46) Na-[PS, 4S, SS)-5-[N-[Na-0p-ToIuenesuIfonyl)-L-histidyI]amino]-6-cyclohexyl 
15 4-hydroxy-2-isopropyI-l-oxohexyl]-N-p-pyridinyImethyI)-L-isoIeucinamide, pyridine N-oxide; 

or p-Toluenesulfonyl-His-CVA-ne-Amp-NO. HR FAB MS [m + H]+ at m/z 782.4238; 

(47) Ne[(2S, 4S, 5S)-5-[N-[Na-(l-NaphthalenyloxyacetyI)-L-histidyl]amino]-6- 
cyclohexyl-4-hydroxy-2-isopropyM-oxohexyl]-L-Iysine,trifluoroacecticacid salt; or NOA-His- 
CVA-L-Iysine,trifluoroacetic acid salt HR FAB MS [m + H]+ at m/z 721.4309; 

20 (48) N-[(2S, 4S, 5S)-5-[N-[Na-(I-NaphthalenyloxyacetyI)-L-histidyIIaminoI-6- 

cyclohexyI-4-hydroxy-2-isopropyl-lH5xohexyl]-N-[2-(2-pyrjdinylamino]ethyIl-amin or NOA- 
His-CVA-NH-(CH2)2-NH-(2-pyridine) HRFAB MS [m + H]+ at m/z 712.4195; 

(49) N-K2S, 4S, 5S)-5-[N-[Na-(l-NaphthaIenyIoxyacetyl)-L-hisUdyl]aminolH6- 
cyclohexyl-4-hydroxy-2-isopropyl-lH)xohexyl]-N-I2-(2-pyridinylamino)]eth^^ 

25 oxide; or NOA-His-CVA-NH(CH2)2-NH-a-pyridine). HR FAB MS [m + H]+ at m/z 
728.4144; 

(50) Na-[(2S, 4S, 5S)-5-IN-[Ncr-(l-NaphthalenyIoxyacetyl) (2-pyridinyl)alanyll- 
amino]-6-cycIohexyI-4-hydroxy-2-isopn)pyl-l-oxohexyl]-N-(2-pyridinyImethyI)-L- 
isoleucinamide; or NOA-His-CVA-Be-Amp. HR FAB MS [m + H]+ at m/z 807.4795; 

30 (51) Na-K2S, 4S, 5S)-5.IN-INo-[0-PyridinyI)-methylcarbonyI]-L-histidyl]amino]-6^ 

cyclohexyl-4-hydroxy-2-isopropyl-l-oxohexyl]-N-C2-pyridinyImethyl)-I^isoIeucinam or (3- 
pyridinyO-methyl-carbonyl-His-CVA-De-Amp. HR FAB MS fm + HJ^ at m/z 731.4625; 

(52) Ne[Na-I(2S, 4S, 5S)-5-[N-[Na-(l-NaphthalenyloxyacetyI)-L-histiayl]amino]-6- 
cyclohexyl-4-hydroxy-2-isopropyI-l-oxohexyl]-L-isoIeuncyl]-L-lysine, trifluoroacetic acid salt; 

35 or NOA-His-CVA-IIe-L-lysine, trifluoroacetic acid salt HR FAB MS [m+H]'*' at m/z 
834,5151; 
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(53) Na-[(2S. 4S, 5S)-5-[N-[NoKl-Naphthalenyloxyace(yl)-L-histidylIamino]-6- 
cydohexyl-t^ydroxy-2Msopropyl-lK)xohexyI]-N-[2-(2i)yridinylamino)eihyU^^^ 

or NOA-His-CVA-Ile-NH-(CH2)2-NH-(2i)yridme). HR FAB MS [m+HJ+ at miz 825^040; ' 

(54) lH-Inudazole4i)ropanainide,N-[2-hydroxy-5-m(ahyI-l^-methyIpr^^^^ 
5 methyl-l.[[(2-pyridmylmethyl)amliy)]carbonyl]butyl]aminoJca^ 

oxo-3-phenylpropyI)ainino]-,[lS-(lR*[R*(R*)],2R*,4R*(lR*,2R*)]J., 2-hydroxy-l,2,3- 
propanetricarboxylate (1 2) (salt); or pl»enyI-CH2-CH(0HK(0)-His-LVA-ne-Amp. HR FAB 
MS (m+H]+: 720.4456; 

(55) lH-Imidazole-*-propanamiae,N-[2-hydnJxy-4-[[[l-I[(2-hydroxy-2-phenyI^^^^ 
10 amino]carbonyl>2-methyIbutyl]amino]carbonylJ-5-methyl-l-(2-methy^^^^ 

[(phenoxyacetyl)amino]-,monoacctate (salt); or P0A-His-LVA-IIe-NH-CH2-CH(0H>phra^^ 
HR FAB MS [m +H1+: 735.4444; 

(56) L-of-Glutamine. N/u 2/d -[N-[[l, I-<IimethyIcthoxy)carbonyI]-L-phenylalanylJ.N- 

[2-hydn)xy-5-raethyl-l-(2-methylpropyl)^[[[2-methyl-l-[[(2-pyridinyImethyI)^^^^ 

15 carbonyl]butyl]ainino]carbonyI]hexyl]-.tlS-riR*.2R*4R'(lR«,2R*)]Kmonacetate (salt); or 
BOC-Phe-GIu-LVA-Ile-Amp. HR FAB MS (m +H]+: 811.4988; 

(57) Pentanoicacid, 5-([l-(qrclohexyImethyI)-2-hydroxy-4-[[p-hydroxy- 
propyl)ainmo]carbonyll-5-methylhexyI]amino]-5-oxo4-[(phenoxyacetyl)amino]-: or POA-GIu- 
CVA-NH-CH2CH(CH3)(OH). HR FAB MS [m +H]+: 630.3146; 

20 (58) lH-Imldazole-4-propanamide, N-[l-(cyclohexyImeth^)-2-hydroxy-4-I[(2- 

hydroxypropyl)amino]carbonylJ-5-methylhexyI]a-{(phenoxyacetyl)anilno]-.moiioac^^ 
POA.His-CVA-NH-CH2-CH(OH)(CH3). HRFAB MS [m +HI+: 600.3770; 

(59) Pentanoic acid, 5-Kl-(cyclohexylmediyl)-2-hydroxy-5-methyl-4-[[[2-methyH- 
n(2-pyridinylmethyl)amino]carbonyI]buQrlJaininoJcarbonyl]hexyIJamino]-44(lH-m^^^ 

25 yIcarbonyl)aniino]-5-oxo-,[IS-riR*^«),2R« 4R«(IR*,2R*)]]-; or lH-mdol-2.yl-carbonyl-GIu- 
CVA-De-Ainp. HR FAB MS [m +H]"*": 747.4437; 

(60) I^.alpha.-GIutainlne, N-{l-(cycIohexyImethyl)-2-hydroxy-5-mediyl-4-[[[2- 
methyl-l-I[(2-pyridinyImethyl)ainino]carbonyl]butyllainmo]carbonyl]hcxyl]-N^ 2/d-L.phenyl. 
alanyl-, [1S-I1R*,2R* 4R*(1R« 2R*)11-, bis(trifluonicetate) (salt); or Phe<JIu-CVA-ne.Anip. 

30 HR FAB MS [m +H]+: 751.4756; 

(61) 2-Pyridineaceiamide, N-P-[[2-bydroxy-5-methyl-l-(2.methylpropyl>4-[[p. 
ihethyl-14[(2-pyridiiiylmethyl)amino]rarbonyl]butyl]amino]carbonyl]h^ 
iinidazoI-4.ylmethyl).2-oxoethylHlS-[lR*(R*),2R* 4R*(1R«^«)JJ.; or (2-Pyridyl)acetyl-His- 
LVA-ne-Amp; 

35 (62) 4-Pyridineacetainide, N-[2-[[2-hydroxy-5-methyl-l-C-methylpropyI)-4- 

[r[2methyl-l-l[(2-pyridinylmethyl)amino]carbonyl]butyl]aininolcarbonyI]hexylIainino]-l-<IH- 
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imida2»l-4-ylmethyl>2K)xoethyI]-IlS-[lR*(R*),2R* 4R*(1R* 2R^^ or (4-Pyridyl)acetyI-His- 
LVA-ne-Amp; 

(63) L-Histldinamide. N-[(l , l-<liinethylethoxy)carbonyl]-3-C2-pyridinyl)alanyl-N-(2- 
hydroxy-5-methyl-l-(2-methylpropylH-I[[2-methyl-l-[[ 

5 nyI]butyl]mino]carbonyl]hexyl]-,[lS-[lR*[R*(E)J,2R* 4R*(IR* or BOC-2-Py-Ala- 

His-LVA-IIe-Amp. HR FAB MS [m +]^"'-: 820,5112; 

(64) L"Histxdinamide, N-[(lJ-dimethylethoxy)carbonyl]-L-phenylalanyl-^^^ 
[P,6KUainino-4-pyrimidinyl)ammo]ethyl]amino]carbonyl]-2-hydroxy-^^^ 
inethylpropyl)hexyl]-,[lS-(lR*,2R* 4R*)1-; or BOC-Phe-His-LVA-(2.6^iamino^-pyrime- 

10 dmyOamino-ethylamino. HR FAB MS [m + H]"**: 766.4727; 

(65) L-.alpha.-Asparagine, N/u 2/d-fN-[(I.I-dimethylethoxy)carbonyl]-L- 
phenyIaIanyl]-N-[2-hydroxy-5-methyl-l-(2-methyIpropyl)-4-r[2-meA^^ 
thyI)amino]carbonyI]butyl]amino]carbonyl]hexyIJ-JlS-(lR*2R*,4R*(lR^2 

(salt); or BOC-Phe-Asp-LVA-Ile-Amp. HRFAB MS [m +HJ'*': 797.4857; 
15 (66) lH-IndoIe-2-carboxamide, N-[2-([2-hydroxy-5-inethyI-l-(2-inethyIpropyI)-4-[[2- 

methyl-l-[[G2-pyridinylmethyl)amino]carbonyl]butyI]carbonyI]hexy^ 
ylmethyl)-2K)xoethyl]^,[lS.[lR*(R*),2R*4R*(lR*2R*)]]-; or N-andoIyI-2-carbonyI)-His- 
LVA-He-Amp; 

(67) L%alpha.-GIutamine, N-[l,l-dimethyIethoxy)carbonyI]-L-phenylalanyl-NO[l- 
20 (cyclohexyImethyl)-2-hydroxy-5-methyl-4-[[[2-methyl-l-[[(2i)yridm^ 

onyl]butylJamino]carbonyl]hexyl]K[lS-[lR^2R*,4R*(lR* 2R*)J]-. monoacetate (salt); or 
BOC.Phe-<;iu^VA-ne-Amp. HRFAB MS [m + H]+: 851.5297; 

(68) 2,5,11,14-Tetraazapentadecanoic acid, 7-hydroxy-3-(IH-imlda20l-4-yIinethyl)-9- 
(l-methyle!hyl)-12-(l-methyIpropyl)-6-(2-methyIpropyl^^ 

25 pyridinylmethyl ester, I3S-[3R* 6R* 7R* 9R* 12R*(R*)11-; or loc-His-LVA-He-Amp; 

(69) L-Hxstidinamide, N-[(l,l-dimethylethoxy)carbonyl]-L-phenyIaIanyI-N-[3,3- 
difluoro-2-hydroxy-4-r[2-methyl-l-[[C2-pyridmylmethyl)amM 

(phenylmetfayObutylls or CH3-C(0)-0-(3I(benzyIK(0)-His-LVA.ne-Amp. HR FAB MS [m 
. +H]+: 762.4521; 

30 (70) lH-ImidazoIe4-propanamide, N-[2-hydroxy-5-raethyl-l-Ci-nie^^^ 

methyl-l-[[C2-pyridinylmethyI)aminolcarbonyl]bu^^^ 

phenoxypropyl)aminol-,[lS-[lR*(R*).2R*4R*(lR*,2R«)]]-; or Phenoxy-propionyl-His-LVA- 
Ile-Amp; 

(71) lH-Imida2X)Ie-4-propanamide,N-[2-hydroxy-5-raethyI-l-(2-m 
35 methyI-l-[[[P-pyridinylmethyl)ammoIcarbonyI[butyl[amin^ 

2-propenyI)ainino]-,[lS-[lR*[R*(E)],2R* 4R*(1R* 2R*)]]-; or phenyI-CH=CH-C(0)-His- 



wo 92/17490 

PCT/US92/02238 

-41- 

LVA-ne-Amp. HR FAB MS [m + HJ+: 702 4343- 

phenyl-3-butenyI)aniinoJ-.riS-{lR«lR*(E)]2R*4RVlR»5R*Mi \ l^'-<>^<^ 
5 rrn\uui^7A^ , ^"^^^"^ .2R*)J1-; o^phenyI-CH=CH-CH,- 

5 C(0>His-LVA-Ile-Amp. HR FAB MS Im + H]+: 716.4474; 

(-me^yl«hy,>12«^^^^^ 

Sst^iT r ^'^'^•^^^'^^'<^yn-; or ph ji;=cH^„,.o. 

C(0)-His-LVA-Ile-Ainp. HR FAB MS [nv+HJ+r 732.4463- • 

methy,-l-„(2-pyridi„y,.ethy.)a™M^^^ ''^ 
ph»y,ed,.ylM^^^^^^ ^ 

HB-LVA-ne-Amp. HR FAB MS fm + H]+: 738.4061; ' ^ V2 ^ 

(75) N-tert-Butyloxycarbonyl-L-phenylalanyl-L^^^^ 
2R-.opn,pyI-7-methyl.,ctanoyI-2S-methyl^^^^^^ ^^^^ ^ 
(found): 701.4634; 

(76) Hydn)xyacetyl-L-histidyI.5S.ami„o-6-cyclohexyl-3R.4R-dihydr^^^^^ 

20 (77) L-GlycyI-L-histidyl-5S-ami„o-6-cycIohexyI-3R.4R-dmyd™^^^^^ 

hexanoyl-L-isoleucyI-2-pyridyIn,^^^^^^ or Gly-His-CVA-IIe-A.p. FAB-MS (found): 

(78) Hydroxyacetyl-I.histidyI-5S-anuno-2R-benzyl-6.y^^^^ 

25 '3^';^^''""°''"'=^'^^^^^^^ FAB-MS (fouiui): 

(79) HydroxyaceQrl-L-histidyI-5S-amino-2R-benzyI-6s:ydohexyH^^^^ 
hexanoyI-L-isoIeucyI-2-pyridylmethylamide.NH,xid^^ P^^.^^ 
(found): 750.4202; 

(80) Phenoxyacetyl-I.histidyI-5S-ammo-2R-benzyI-6H:ycIo^^^^^ 

30 hexanoyI-I.isoleucyl-2i,yridyIme%Iamide;orP^^^^^ FAB-MS (found)- 

810.4557; ' 

(81) L-GIyqrI.L-histidyl-5S-anuno-2R-benzyl-dK7dohexyI-3R.4R^lihydroxy^ 
hexanoyl-L-isoIeucyl.2-pyridylmcthylamide: or Gly-His-CPD-IIe-Anp, FAB-MS (found)- 
733.4409; ' 

35 (82) PhenoxyacetyI-L-hlstldyl.5S-ainino^clohexyI-3R.4R.dihydroxy-2R- 

isopropyl-hexanoyl-L-isoIeucyI-2-pyridylmethylainide;orPOA-Hls-CVA-IIe-An,p. FAB-MS 
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(found): 762.4574; 

(83) l-Naphloxyacetyl-L-histidyl-5S-aminoHS-cyclohexyl-3R,4R-<Iih^^ 
isobutyl-hexanoyl-L-isoleucyl-2-pyridylmethyIamide; or NOA-His-CLD-IIe-Ainp. FAB-MS 
(found): 826; 

5 (84) l-NaphthoxyacetyI-L-l<istidyI-5S-mino-6-cyclohexyl-2R-cycb^^ 

3R,4R-dihydroxy-hwcanoyI-L-isoleucyl-2-yyridyIme%^ or NOA-His-CCD-IIe-Amp. 
FAB-MS (found): 866.5189; 

(85) l-Naphthoxyacetyl-L-histidyI-5S-ainino-2R-ben2yl-3R,4R-dmy 
hexanoyI-L-isoleucyI-2-pyridylmethyIamide; or N0A-His-PPD4^ FAB-MS (found): 

10 854.4230; 

(86) l-NaphthoxyacetyI-L-histidyl-5S-amino-6-cyclohexyl-3R,4R-da^^ 
isopropyl-hexanoyl-L-isoleucyl-2-pyridinylamino-ethyIaniide; or NOA-His-CVD-IIe-Apr. FAB- 
MS (found): 841.4964; 

(87) l-Naphthoxyacetyl-L-histidy!-5S-anuno-6-cycIohexyI-2S-cycIohexy^ 

15 3R,4R-<Iihydroxy-hexanoyI-L-isoIeucyl-2-pyridyImethylamlde; or NOA-His-CcD-IIe-Amp, 
FAB-MS (found): 866.5194; 

(88) l-Naphthoxyacetyl-L-histidyI-5S-aniino-3S-4S-dihydroxy-2S-isobutyl-7-methyI- 
octanoyl-L^isoleucyI-2-pyridylmethylamide; or NOA-His-UD-Ile-Amp. FAB-MS (found): 
786.4540; 

20 (89) 5-QuinolinyIhydroxyacetyl-L-histidyI-5S-araino-6-cycIohexyMS-hydroxy-2S- 

isopropyI-hexanoyl-L-isoIeucyI-2-pyridyImethylamide; or Qoa(b)-His-CVA-IIe-Amp. FAB-MS 
(found): 797; 

(90) 4-QuinolinyIhydroxyacetyl-L-histidyl-5S-amino-6-cyclohexyMS-hydroxy-2S- 

. isopropyl-hexanoyI-I^isoIeucyl-2-pyridyImethylamide; or Qoa(a)-His-C^ FAB-MS 
25 (found): 797; 

(91) l-Naphthoxyacetyl-L-lukidyl-5S-amino-3R-4R-dihydro^ 
octanoyl-L-isoIeucyI-2-pyridylmethylainide; or NOA-Hls-LLd-ne-Amp. FAB-MS (found): 
786.4579; 

^2) l-NaphthoxyaceQrl.I^hktidyl-5S-amino-3S-4R^lihydroxy-2S-k^^ 
30 octMoyl-L-isoIeu<7l-2i)yridylmethylainide; or NOA-His-LLd-Be-Amp. ^AB-MS (found): 
786.4556; 

(93) l-NaphthoxyacetyI-I^histidyI-5S-aniino-3R-4R-dihydroxy-2R-isobut^^ 
octanoyl-L-isoIeucyI-2-pyridylniethylamide; or NOA-His-LLD-He-Amp. TAB-MS Vfound): 
786.4540; 

35 (94) 2-Quinolinylcarbonyl"5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyl- 

hexanoyl-L-isoleucyI-2-pyridinyIaniino-ethyIamide; or Qc-Asn-CVD-Ile-Apr. FAB-MS (found): 
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789.4670; 

(95) N-tert-ButyIoxycarbonyI-L-aIanyl-5S-amino-6-cyclohexyI-4S-hyd«)xy-2S^ 
isopropyl-hexanoyl-L-isoIeucyl-2-pyridylinethylainide; or Boc-Ala-CVA-De-Amp. FAB-MS [r 
+ H]+: 546; 

5 (96) N-tert-ButyloxyMr))onyI-I^istidyI-5S-amino-6-cydohexyMS-hydroxy.2S- 

isopropyI-hexanoyl-L-isoleucyI-2-pyridylmethyIamlde; or BOC-His-CVA-IIe-Amp. FAB-MS 
[m + H]+: 712; • 

(97) QuinoIinyl-2.carbonyl-I^histidyl-5S-amino-6<yclohexyl-4S-hydroxy-2S. 
isopropyl-hexanoyl-L-isoleacyl-2-pyridylmethylainide;or QC-His-CVA-IIe-Amp. FAB-MS [m 

10 +HJ+: 768; . . 

(98) Quinolmyl-2-carbonyl-I^asparaginyl-5S-amino-6-cydohexyMS-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-pyridyImethyIainide; or QC-Asn-CVA-IIe-Amp. FAB-MS (m 
+HJ+: 744; 

(99) Ben2yloxycarbonyI-L-aIanyl-L-aIanyI-5S-ainino-6-cyclohexyl-4S-hydroxy-2S- 
15 isopropyl-hexanoyl-L-isoleucyI-2-pyridylmethyIamide;or CBZ-AIa-Ala-CVA-Ile-Amp. FAB- 
MS (m +H]+: 751; 

(100) l-Naphthalenyloxyacetyl-L-histidyI-5S-ainine^ycIohexyMS-hydroxy-2S- 
isopropyl-hexanoyl-L-isoIeucylamide; or Noa-His-CVA-lle-NHj- FAB-MS [m + H]+: 705; 

(101) POA-His-CVA-NH-(CH2)4-CH(CONH)(NH2). FAB-MS [m + H]+: 671; 
20 (102) L-Asparaginamlde, l-(naphthoxy)acetyl-N-[2-hydroxy-5-methyl-l-(2- 

inethyIpn)pyI)-^[[(2-methyl-l-[[(2-(N-oxido)pyridinyImethylJamino]carbony^ 
onyI]hexyI]-N-alpha-methyl-, [1S-[1R* 2R*.4R*(IR*.2R«0]1-; or NOA-Asp-CVA-IIe-Amp. 
Mass Spectrum: No exact mass obtained because of weak M + H+ Ion. Other ions at m/z 
665,535,348.354,236.222,157, 126, 109,86; 
25 (103) L-Asparaginamide, (5-(trietIjyIenegIycol monomethyl ether)naphthoxy]ace^l-N- 

I2-hydroxy-5-methyl-l-(2-methylpropyl)-^[n2-methyl-l-[[[2-(N-oxido)pyridinyl- ' 
meAyl]aminoJcaibonylJbutyI]amino]carbonyI]hexyl]-N-alpha-metJiyl-, (IS- 
[1R*,2R* 4R*(1R*,2R«)]]; or 5-[CH3(OCH2CH2)30I-l-Noa-Asn-CVA-ne-Amp; 

(104) L-Asparaginamide, I4-(triethyIenegIycoI monomethyl elher)naphthoxy]acetyl-N- 
30 [2-hydroxy-5-methyl-l-(2-methylpropyI)-4-I[f2-mcthyI-^[[[2-(N-oxido)pyri^ 

no]carbonyl]butyl]amino]cari)onyl]hexjd]-N-alpha-methyl-, flS-[lR* 2R*,4R*(1R«,2R*)U; or 
4-[CH3(OCH2CH2)30]-l-Noa-Asn-CVAllle-Amp; 

(105) L-GlycyI-5S-amino-6-cycIohexyI-3R,4R-dihydroxy-2R-isopropyl-hcxanoyl-=L- 
isoleucyl-2-pyridylmethylamide-; or Gly-CVD-ne-Amp. FAB-MS (found): 548.3844; and 

35 (106) L-GIycyI-5S-amino-2R-benzyl-6-cydohexyI-3R,4R-dihy-droxy-hexanoyIL- 

isoleucyl-2-pyrldyl-methyIamide; or Gly-CPD-Ile-Amp. FAB-MS (found): 596.3835. 
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The following describes die generd procedures that are used in the preparadons 
examples below: 

Saica gel used for chromatography is obtained from E. Merch A.G., Darmstadt, 
Germany. Silica gd GF, 250 micron slides obtained from Analtech, Inc., Newarl:, DE are 
5 used for TLC. Celite is a fUter aid danufectured by Johns-Manville, New York. FAB mass 
spectra are obtained on a Varian CHS mz^ spectrometer, IR spectra on a Digilab FTS15E and 
NMR spectra on a Bnicker AM300. Melting points are talcen in capfllary tubes and are 
uncorrected. 

Procedure A - Boc group removal: 
10 A 5% solution of the Boc protected amine in" an equal volume of methylene chloride 

and trifluoracetic acid is allowed to stir at room temp (temperature) for I-3h and then 
concentrated in vacuo. A solution of the residue in methylene chloride is washed once with 
aqueous sodium bicarbonate. Hie aqueous wash is backwashed twice with methylene chloride. 
The combined organic fractions are dried over magnesium sulfate and concentrated in vacuo. 
15 The residue is then used as is in the next step without further purification. 

Procedure B - Coupling an acid to an amine using diethyl cyanophosphonate (DEPQ: 
To a nitrogen covered 0.04 molar solution of the free amine in metfiylene chloride is 
added 1.25 equivalents of the acid followed by 1.25 equivalents of triethylamine and 1.4 
equivalents of diediyl cyanophosphonate (DEPQ. The solution is allowed to stir at room 
20 temperature for 2-24 hr, diluted wifli methylene chloride, and washed once with aqueous 
sodium bicarbonate. Hie aqueous fraction is backwashed twice with methylene chloride. The 

organic fractions are combined, dried over magnesium sulfete. and concentrated /flvflctto. The 
residue is then chromatographed over silica gel to yield the coupled product 

Procedure C - Coupling an amme to an acid using diediyl cyanophosphonate (pEPC): 
25 To a nitrogen covered 0.04 molar solution of the acid in methylene chloride is added 

1.25 equivalents of the amine followed by 1.25 equivalents of triethylamine and 1.4 equivalents 
of diethyl cyanophosphonate. The solution is aUowed to stir at room temperature for 2-24 hr. 
diluted with methylene chloride, and washed once widi aqueous sodium bicarbonate. Tlie 
aquMus fraction is backwashed twice with methylene chloride. The organic fractions are 
30 combined, dried over magnesium sulfete, and concentrated in vacuo. The residue is then 
chromatographed over silica gel to yield the coupled pioducL 
Procedure D - Catalytic proton transfer hydrogMoIysis: 

To a 0.01 molar suspension of the protected amine m N,N^imethylformamide. under 
nitrogen is added 10% Pd/C catalyst and II equivalents of ammonium formate. TTie 
35 suspension is stirred at room temperature overnight, warmed in a wann water bath for 15 min 
and filtered through Celite. The solid is washed with warm N,N-dimethylformamide and the 
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filtrate is concentrated in vacuo. The residue is dissolved in acetic acid, diluted.with water and 
freeze dried to give product as the acetic acid salt. 
Procedure E - Preparative HPLC: 

To determine conditions for a separation on our preparative reverse phase HPLC 
5 column we first develop suitable conditions for the separation on an analytical column with the 
same packing. Using the parameters from this analytical separation and the equation Q in the 
Structure Chart below we are tiien able! to calculate the maximum percent of solvent B for the 
gradient phase of the pr^arative separation. 

In equation Q, e(%) is the maximum percent of solvent B for the gradient phase of tiie 
. 10 preparative separation; is die retention time.(min) for unretained materials on the analytical 
column and t is the longest retention tune (nun) for flie products of interest. The analytical 
separation is usually carried out with an isocratic elution phase followed by a linear gradient 
from the isocratic solvent concentration to 100% solvent B. For this mode of operation x 
represents tiie duration (min) of the isocratic portion of the separation and y represents tiie 
15 duration (min) of the gradient portion. A (%) and B(%) represent the percent of solvents A 
and B in the initial isocratic solvent mixture. 
In a typical example. 

Solvent A - 90% H2O:0. 1 % TFArCHjCN 
Solvent B - 30% H2O:0.1% TFArCHjCN 
20 Analytical conditions: 

Column: Whatman Partisil ODS-3, 10 250 x 4.6 mm 

Isocratic solvent: 83% A: 17% B 

Isocratic duration (x): 2 min 

Linear gradient: 83% A: 17% B to 100% B 
25 Gradient duration (y): 20 min 

Flow rate: 2 ml/min 

Iq = 1.2 min 

t = 12.63 min 

Result: e(%) = 51 (See equation U in the Structure Chart below.) 
30 Preparative conditions: 

Coliunn: Whatman Partisil ODS-3, 10 /t. 500 x 22 mm 

Isocratic solvent: 83% A: 17% B 

Isocratic duration: 15 min 

Linear gradient: 83% A: 17% B to 49% A: 51% B 
35 Gradient duration: 90 min 

Flow rate: 3 ml/min 
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Using these conditions for the preparative column a 0.0285 g sample (injected onto the 
column in 0.7 ml of solvent B) is duted in 138 min and is conuined in 31.5 ml of eluant. 
Procedure F-Trifluoroacetic acid silyl ether cleavage. 

To a nitrogen covered 0,14 molar solution of the silyl ether In methylene chloride in an 
5 ice bath, a volume of trifluoroacetic lacid equal to the volume of methylene chloride is added 
dropwise. The ice bath is removed and ^r stirring for 2,5-5,0 hr. (TLC monitored) the 
solution is concentrated in vacuo. A solution of the residue in methylene chloride is washed 
once widi aqueous sodium bicarbonate, dried over magnesium sulfate, and concentrated in 
vacuo. The residue is then chromatographed over silica gel to yield product. 
10 PREPARATION 107 N«-[2S,4S,5S)-5-(tert-Butoxy carbonylamino)-4-(tert-butyIdi- 

methylsilyIoxy)-6-cyclohexyl-2-isopropyl-l-oxohexyI]-L-isoIeucme or 
(Boc(OTBDMS)CVA He]. 
A. To a nitrogen covered solution of 0.51 g of L-isoleucine, benzyl ester, P- 
toluenesulfonic acid salt in 24 ml of methylene chloride is added 0.34 ml of triethylaminc. 
15 After stirring at room temperature for 10 min, there is added 0.5 g of [2S,4S,5S)-5-(tert-butoxy 
carbonylamino)-4-(tert-butyldimethylsilyloxy)-6-cyclohexyl-2-isopropyIhexanoic acid or 
Boc(OTBDMS) CVA (The Preparation of tliis compound is in U.S. Patent application, Serial 
No. 07/566,340 filed August 2, 1990. Preparation 48. page 100) and 0.22 ml of diethyl cyano- 
phosphonate. After stirring for an additional 19 hr at room temperature, the reaction mature is 
20 diluted with methylene chloride, washed with aqueous sodium bicarbonate, dried over 

magnesium sulfate and concentrated in vacuo. The residue is chromatographed over 175 ml of 
silica gel (elution with 10% ethyl acetate: hexane) to yield 0.633 g of the coupled product (Hoc 
(OTBDMS) CVABeOBz). 

The structure is supported by NMR and a FAB mass spectrum. Found: [m'+H]"'' at 
25 m/z 689. 

B. A mixture of 0.633 g of the benzyl ester of Part A and 0.2 g of 10% Pd/C 
catalyst m 25 mL of absolute ethanol is stirred vigorously under hydrogen at atmospheric 
pressure. After 50 min the catalyst is removed by filtration through Celite and the filtrate is 
concentrated in vacuo to yield 0.507 g of the tided product 
30 Physical characteristics of the titled product are as follows: 

The structure is supported by NMR and a FAB mass spectrum. Found: [m'-mj"*" at 
m/z 599. 

PREPARATION 108 N„-I(2S.4S4SV5-IN-(2-Pyridmylcarbonyl)amino]-6H:ycWhexyl-^ 
hydroxy-2-isopiopyl-l-oxobexyq-N-[2-^-pyridinylainino)ethyI]-L- 
35 isoleucinainideor2-PyridinylcaibonyI-CVA-IIe-NH-(CH2)2-NH-2- 

pyridinyl. 
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A. By the coupling Procedure C, 0.50 g of the peptide of Preparation 107 Is 
coupled with 2-(2-pyridylainino)ethylamine (prepared as described in Preparation 109 below) 
and chromatographed over silica gel (3% methanol: 0.3% anunonium hydroxide: methylene 
chloride) to yield 0.4798 g of coupled produa Boc(OTBDMS)CVAIleNH-(CH,),-NH-2- 
5 pyridinyl. ^ ^ 

The structure is supported by NMR and a FAB mass spectnmi Found: [m-+H]+ at 
ni/z7I8. I 

B. By the general Procedure A for Boc group removal. 0.15 g of the Boc amine of 
Part A yields 0.1299 g of the amine free base. The amine is then coupled (coupling Procedure 
10 B) to picolinic acid and chromatographed over sHica gd (3% methanol: 0.355 ammonium 
hydroxide: methylene chloride) to yield 0. 1226 g of coupled pioduct, 2- 
pyridinylcarbonyl(OraDMS)CVA-IIe-NH-(CH2)2-NH-2-pyridinyl. 

The structure is supported by NMR and a FAB mass spectrum. Found: 
[m •+!!]+ atm/2 723. 

15 C. To a nitrogen covered, ice bath cooled solution of 0.1226 g of the sHyl ether of 

Part B in 1.2 ml of methylene chloride is added dropwise 1.2 ml of trifluotoacetic acid. TTie , 
ice bath is removed and after stirring at room temperature for 3 hr. the solution is concentrated 
in vacuo. A solution of the residue in methylene chloride is washed once with aqueous sodium 
bicarbonate, dried over magnesium sulfate and concentrated in vacuo. The residue Is 
20 chromatographed over sOIca gel (3.5% methanol: 0.35% ammomum hydroxide: methylene 
chloride) to yield 0.0802 g of the titled product. 

Physical characteristics of the titled product are as follows: 

TTie structure is supported by a high resolution FAB mass spectrum. Found: [m" +H]+ 

at m/z 609. Measured = 609.4116. 

25 CV-1 Assay (% Inhibition): 100% at 10 ^M; 82% 1 ;tM; 18% at 0.3 ^M; 1 % at 0.1 

pM. 

PREPARATION 109 2-a-Pyridylamino)ethylamlne. 

To 73 ml of nitrogen covered ethylenediamine cooled to just above the freezing poim 

with the intermittent use of an ice bath is added 4.3 ml of 2-chloropyridine over 15 mm. After 
30 stirring in the cold for an additional 25 min, the ice bath Is removed and the solution is stirred 

at room temperature for 24 hr and then heated at 85' for 24 hr and at 125'-130* for 48 hr. 

After cooling, the reaction mixture is concentrated m vacuo. TTie residue Is treated with water 

and extracted 3 times with ethyl acetate. TTie combined extracts are washed Wifh brine, dried 

over magnesium sulfete, and concentrated in vacuo. The residue is chromatographed over 300 
35 ml of silica gel. Hution Is carried out fint using 3% mtthanol:methylene chloride containing 

0.3% ammonium hydroxide collecting 12 ml fractions. At fraction 137, the solvent is changed 
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to 5% methanolrmethylene chloride containing 0.5% ammonium liydroxide and then at fraction 
277 the solvent is changed to 30% methanol:methyIene chloride containing 0.5% ammonium 
hydroxide and 21 ml fractions are then coUected. Fractions 366^20 are combined to yield 
1.52 g of the titled product 

Physical characteristics of the title product are as follows: 
The strurture is supported by NMR, IR, and mass spectra. 
EXAMPLE 1 N„-K2S,4S,5S).5-[N-(2-Pyridinylcarbonyl)aminoJ-6H:yclohexyl-HO- 

phosphoryl>2-isopropyi-l-oxehexyll-N-(2-pyridinyImethyl)-L-isoleucinamide. 
hydrochloric acid salt or 2-Pyridmyl(;arbonyI-(OPpjH2)CVA-ne-Amp. 
According to the procedure described in Example 2, below the product from 
Preparation 108 is allowed to react first with di-tert-butyl N,N-diethylphorphoramidite and IH- 
tetrazole and then with m-chloroperoxybenzoic acid to give N„-[(2S,4S,5S)-5-[N-(2-pyridinyI- 
carbonyl)ammol-6<ydohexyl-KO-di-tert-butylphosphoryl>2-isopropyI-l-oxohexyl]-N-[2-(2^ 
pyridiny]amino)ethyI]-L-isoleucinamide which is treated with concentrated hydrochloride acid to 
15 give the titled product. 

PREPARATION 110 N,.-((2S.4S.5S)-5-(tert-Butoxy carbonylamino)-4-(tert-butyldimethyl- 
snyloxy)-6-cyclohexyl-2-isopropyI-l-oxohexyI]-N-(2-pyridinyl)methyI]- 
L-isoleudnamide or Boc (OTBDMS) CVA He Amp. 
By coupling Procedure C, 0.507 g of the peptide of Preparation 107 is coupled with 2- 
20 (aminomethyl)pyridine and chromatographed over 150 ml of sflica gel (elution with 3% 
methanolrmethylene chloride containing 0.3% ammonium hydroxide) to yield 0.48 g.of the 
titled product 

Physical characteristics of the tided product are as follows: 
The structure is supported by NMR. 
25 Mass spectrum Found: [m*]''" at m/z 688. 

PREPARATION 111 Noe-[(2S.4S^S>5-Amino-Ktert.butyldimethylsllyloxy>6-cyclohexyl-2- 
isopropyI-lK)xohexjd]-N-(2-pyridinylmethyI)-L-isoleucinamideor 
(OTBDMS) CVA-Be-Amp. 

By the general Procedure A for Boc group removal. 1.0 g of the Boc proteaed amine 
30 ofPreparatlon 110 yields 0.968 gofthe amine free base. 

PREPARATION 112 N«.[(2S,4S.5S)-5-[N-(2.PyridinyIcarbonyl)aminol.6<ycIohexyl^ 
hydroxy-2-isopropyI-l-oxohexyI]-N-(2-pyridiny!methyl)-Lrisoleucin- 
amide or 2-Py^idinyIcarbonyI-CVA-Ile-Amp. 

A. By »be general coupling Procedure B, 0.10 gofthe amine free base of 
35 Preparation 111 is coupled with picollnic acid and chromatographed over silica gel (2.5% 
metiianol: 0.25% ammonium hydroxidermethylene chloride) to yield 0.077 g of the product 2- 
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pyridinylcarbonyKOTBDMS) CVA-IIe-Ainp. 
The structure is supported by NMR. 
FAB mass spectnim Found: fm* +H]+ at m/z 694. 

B. By the general procedure F. 0.0770 g of the silyl ether of Part A is allowed to 

5 react aiKl is then chromatographed<|ver silica gd (3.5% methanol: 0.35% ainmonium 
hydroxidKmethylene chloride) to yield 0.0448 g of the titled product. 

Physical characteristics of the tibed product are as follows: " 
The structure is supported by a high resolution FAB mass spectrum Found: Im+H]+ at 
m/z 580. Measured = 580.3858. ' 
10 CV-1 Assay (% Inhibition): 85% at 10 1^; 84% at 10 /*M; 65% at 3 ^M; 40% at 1 

^M; 16% at 0.3 /tM; 1 1 % at 0.1 ;£M. 
HIV-l Protease (Kj, nM): 30. 

EXAMPLE 2 N„-[(2S.4S.5S)-5-[N-{2-Pyridmylcarbonyl)aminoJ-6-cyclohexyl^(0. 

phosphory])-2-isopropyI-l-oxohexylJ-N-(2-pyridinyImethyl)-L.isoIeucinamide 
trifluoroacetic acid salt or 2-PyridinylcarbonyKOPp3H2)CVA-ne-Amp. 
To a stirred solution of the product from Preparation 112 (O.lOOg) in 
tetrahydroforuan (5 ml), under nitrogen, is added IH-tetrazole (0.073 g) and di-tert-butyl N.N- 
diethylphosphoramidite (0.14 ml). This mixture is kept at ambient temperature (25«) for 52 hr. 
cooled in an ice bath and treated during 2 min with a solution of 85% m-chloroperoxybenzoic ' 
20 acid (0.105g) in methylene chloride (2 ml). It is kept in the ice bath for an additional 20 min. 
and then treated with a 10% aqueous solution of sodium sulfite (4.2 ml). TTie layers are 
separated and the aqueous layer is extracted with methylene chloride. The organic layers are 
combined, dried over magnesium sul&te and concentrated in vacuo. TTie residue is 
chromatographed over sflica gel (3.75% methanol:0.38% ammonium hydroxide:methyIene 
chloride) to yield 0.086 g of N„-[(2S.4S^S)-5-[N-(2-pyridinylcarbonyl)aminoJ-6H7clohexyI-4- 
(0-di-tert-butylphosphoryI)-2-isoprDpyl-l-oxohexyl]-N-(2-pyridinylmethyI)-L-isoIeucinam^^ 
A solution of this product in tetrahydrofuran (0.9 ml), under nitrogen, is treated, dropwise with 
0.44 ml of concentrated hydrochloric acid. It is stirred for 1 hr at ambient temperature and 
then concentrated in vacuo to one half of its original volume. TTie residue is freeze dried to 
30 give 0.087 g of the titied product as its hydrochloric acid salt. A portion of this material 

(0.055 g) is chromatographed over a 22 x 500 mm PartisU -10 ODS-3 preparative reveree phase 
HPLC column (see general procedure E). Hution is isocratic at 83% solvent A:17% solvent B 
for 15 min followed by a linear gradient to 40% solvent A:60% solvent B durin^.90 min. The 
flow rate is 3 ml per min. The yield ofthe titled product is 0.0171 g. 
35 Physical characteristic of the tide product are as follows: 

FAB mass spectrum: found [M+HJ+ at m/z 660, measured 660.3521. 



25 
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CV-1 Assay (%Inhibition): 49% at 10;tM; 40% at l/tM. 
PREPARATION 113 Noc-[(2S,4S,5S)-5-[N-[2:(3-Pyridinyl)ethenyIcarbonyl]amino]-€- 

cyclohexyl-4-hydroxy-2-isopropyI-lK)xohexyl]-N-<2-pyridmyIme^^^^ 
isoleucinamide or 3-PyridiDyI-CH=CH-C(0)-CVA-Ile-Amp. 
5 CV-1 Assay (% Inhibition): ^7% at 1 fiU; 68% at 1 

A. By the general coupling procedure B, 0.20 g of the amine free base of 
Preparation 111 is coupled with 3-(3-pyridyI)acryIic acid and diromatographed pver silica gel 
(4% methanol: 0.4% ammonium hydroxide: methylene chloride) to yield 0.175 g of the product 
3-pyridinyl-CH=CH-C(0)-(0TBDMS) CVA-Ile-Amp. 

10 The structure is supported by NMR. 

FAB mass spectrum Found: [M* +H]**' at m/z 720. 

B. By the general Procedure F for silyl ether cleavage, 0. 171 g of the silyl ether of 
Part A is allowed to react and is then chromatographed over silica gel (5% methanol: 0.5% 
ammonium hydroxide:methylene chloride) to yield 0.122 g of the titled product as a crystalline 

15 solid. 

Physical characteristics of the titled product are as follows: 
M. p: 216-220^C. 

The strucmre is supported by a high resolution FAB mass spectrum. Found: 
[m* at m/z 606. Measured = 606.4025. 
20 HR FAB MS [m + H] + at ra/z 606.4025. 

EXAMPLE 3 N„-r(2S,4S.5S)-5-[N-[2-(3-Pyridinyl)ethenyIcarbonyl]amino]-6-cydohex 

phosphoryl)-2-isopropyI-l -oxohexyl]-N-(2-pyridinylmethyl)-L-isoIeucInamide, 
hydrochloric acid salt or 3-Pyridinyl-CH=CH-C(0)-(OP03H2)CVA-Ile-Amp. 
According to the procedure described in Example 2 the product from Preparation 113 is 
25 allowed to react first with di-tert-butyl N,N-diethylphosphoramidite and IH-tetrazole and then 
with m-chloroperoxybcnzoic acid to give N^-I(2S,4S^S)-5-[N-[2-(3-pryidinyl) 
ethenylcarbonyI]aminoJ-6-cyclohexyl4-(OKliHert-butylphosphoryI)-2-isopro^ 
(2-pyridinylniethyI)-L-isoleucinamide which is treated with concentrated hydrochloric acid to 
give the titled product 
30 PREPARATION 114 Noc-I(2S,4S,5S)-5W2-(3-Pyridinyl)ethylcarbonyI]amino]-6- 

cydohexyl-4-hydroxy-2-isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L- 
isoleucinamide or 3-Pyridmyl-(CH2)2-C(0)-CVA41e-Amp, 
To a nitrogen covered, partial soIuUon of 0.0653 g of the alkene of Preparation 1 13 in 
4 ml of absolute ethanol is added 0.02 g of 10% Pd/C catalyst. Hie mixture is placed on an 
35 atmospheric hydrogenator with vigorous stirring. Afker 22^ hr the mixture is removed and 
filtered through Celite to remove the catalyst. The filtrate is concentrated in vacuo. The 
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residue is chromatographed over silica gel (5% methanol: 0,5% anunonium hydroxide: 
methylene chloride) to yield 0,0577 g of the tided product. 

Physical characteristics of the tided product are as follows: 
The structure is supported by a high resolution FAB mass spectrum. Found [M* +H]+ 
5 at m/z 608. Measured = 608.4166. 

CV-1 Assay (% Inhibition): 18% at 1 /tM; 50K at 1 |tM, 
EXAMPLE 4 N„-[(2S.4S.5S)-5^N-[2l(3-Pyriduiyl)ethylcarbony^ 

phosphoryI)-2-isopropyl-l-<)xohexyl]-N-(2-pyridinylmethyI)-L- : 
isoIeucinamide,hydrochIoric acid'salt or 3-Pyridinyl-(ai2)2"C(0)' 
10 (OP03H2)CVA-ne.Amp. . • 

According to the procedure described in Example 2, the product from Preparation 1 14 
is allowed to react first with di-tert-butyl N.Nniiethylphosphoramidite and IH-tetrazoIe and then 
with m-chloroperoxybenzoic acid to give N^"[(2S.4S.5S)-5-[N-[2-(3-pyridinyI)- 
ethy]carbonyI]aniino]-6-cyclohexyl-4.(0Kli-tert-butyl phosphoryI).2-isopropyM^xohexyll.N-(2. 
15 pyridinyImethyl)-L-isoIeucinamide which is treated with concentrated hydrochloric acid to give 
the titled product. 

PREPARATION 115 2-[(2,4-Diaminopyrimidin'6-yI]amino]ethylamine. 

A nitrogen covered mixture of 5.0 g of 4-chIoro-2, 6-diaminopyrimidine in 60 ml of 
ethylenediamine is heated at 85** for 24 hr at 130" for 22 hr and then allowed to stand at room 
20 temperature for 24 h. The residual ethylenediamine is removed by distillation and tiie pot 
residue is slurried in 1:1 methanol:methyIene chloride. 

The suspended solid (4.855 g) is collected on a filter and dried under vacuum. A 
portion (0.5 g) of this solid residue is diromatographed over a 50 ml silica gd column (elution 
with 50% methanolrmethylene chloride containing 1% ammonium hydroxide) and 4.8 ml 
25 fractions are collected. Fractions 47-1 10 are combmed to yield 0,323 g of the title product. 
Physical characteristics of the tided product are as follows: 
The structure is supported by mass spectrum, found M"*" at m/z 168. 
PREPARATION 116 N„-[(2S, 4S. 5S>5-[N-[N„-(l-NaphthalenyloxyacetyI)-L-histidyI]a- 
mino]-6-cyclohexyI-4-hydroxy-2-isopropyMK)xohexyl]-N-(2- 
30 pyridinylmethyl-L-isoIeucinamide or NOA-His-CVA-Ile-Amp. 

A. By the general Procedure A for Boc group removal, 0.20 g of the Boc amine of 
Preparation 110 yields 0.191 g of the free amine. TTie amine is then coupled (coupling 
Procedure B) with Boc-im-tosyl histidine and chromatographed over 150 ml of silica gel. 
(elution witfi 3% meflianohmetiiylene chloride containing 0.3% ammonium hydroxide) to yield 
35 0.241 g of tiie coupled product. Boc (Tos) His (01BDMS)CVA He Amp. The structure was 
supported by NMR and a FAB mass spectium. Found: [nr+H]+ at mz 980. 
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B, By the general Procedure A for Boc group removal, 0.206 g of the Boc amino 
silyl ether of Part A yielded 0. 1716 g of the amine free base having the silyl ether cleaved. A 
portion 0.104 g of the free base is coupled (couplmg Procedure B) with 1-naphthalenyIoxyacetic 
acid and chromatogr^hed over silica gd (3.5% methanol:0.35%ammonium 

5 hydroxide:methylene chloride) to ylelli 0. 102 g of couled product. NOAfTos) His CVA He 
Amp. ITie structure is supported by a I|AB mass spectrum. Found: [nr+H]+ at m/z 950. 

C. To a nitrogen covered solution of 0.030 g of the tosyl protected peptide of Part 
B in 2.6 ml of dimethylformamide Is added 0.043 g of l-hydroxybenzotriazole. After stirring 
at room temperature for 18.5 hours Ae mixture is concentrated in vacuo. The residue is 

10 chromatographed over silica gel to yield 0.0222 g of the titled product. 
Physical Characteristics of the titled product are as follows: 
FAB mass spectrum. Found: [m+H]+ at m/z 796. Measured = 796.4794. 
EXAMPLE 5 N^-[(2S,4S,5S)-5-[N-[N„.(l.Naphthalenyloxy acetyI)-L-histldyI]amino]-6- 

cydohexyl-4-(aphosphoryl)-2-isopropyI-l-oxohexyIJ-N-(2-pyridinyImethyI)-^^ 
15 isoleucinamide, trifluoroacetic acid salt or NOA-His-(OP03H2)CVA-Ile-Amp. 

A mixture of flame-dried lithium chloride (0.020 g) and the product from Preparation 
116 (0.100 g) in tetrahydrofiiran (5 ml) is stirred, under nitrogen at ambient temperature for 18 
hr; the solids have dissolved to give a gel. This mixture is then treated with IH-tetrazoI (0.053 
g) and di-tert-butyl N.N-diethylphosphoramidite (0. 11 ml) and stirred at ambient temperature 
20 for 24 hr. Additional IH-tetrazoI (0.053 g) and di-tert-butyl N,N-diethylphosphoramidite (0.1 1 
ml) are added and stirrmg is continued for 24 hr. Hie mixture is then cooled in an ice bath, 
treated during 2.5 min with a solution of 85% m-chloroperoxybenzoic acid (0.154 g) in 
methylene chloride (3 ml), stirred for 20 min and treated with 10% aqueous sodium bisulfite 
(6.15 ml). It is then extracted with m^ylene chloride, the extract is concentrated in vacuo and 
25 the residue chromatogn^hed on silica gel with 5% methanol - 0.5% ammonium hydroxide- 
methylene diloride to yield 0.0382 g of N^-[(2S,4S,5S)-5.[N-[N^Kl-naphthalenyloxyacetyl>L- 
histidyl]amino]-6-cyclohexyl-4-(0-di-tert-butyl phosphoryl)-2-isopropyl-l-oxohexyI]-N-{2- 
pyridinylmethyl>-L-isoleucinamide. A stirred solution of this product (0.025 g) in 
tetrahydrofiiran (0.2 ml), under nitrogen, is treated with concentrated hydrochloric acid (0. 1 
30 ml), kept at ambient temperature for 1 .3 hr. and concentrated under a stream" of nitrogen to one 
third of its original volume. The residue is treated with water (3 ml) and freeze dried to give a 
waxy solid. A portion of this material is diromatographed on a preparative HPI,C column (see 
general Procedure E). Elution is isocratic at 83% solvent A:17% solvent B for IS min. 
followed by a linear gradient to 32% solvent A:68% solvent B over 90 min; the flow rate is 3 
35 ml/min. The pure titled product is thus obtained. 

Physical characteristics of the titled product are as follows: 
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FAB mass spectnimrfound [M+H+ at m/z 876, measured 876.4446. 
EXAMPLE 6 l-Naphthoxyacetyl-L-hlsddyl-5S-ammo^clohexyl-3R.4R-O.Oi,hosphoiyI- 

2R-isopropyl-hexanoyI-L-Isoleucyl-2-pyrldylmethyIamlde (Fonnula A-3) Refer 
to Chart A. 

5 8 mg of lithium chloride is |Iam6Hlried under reduced pressure and allowed to cool to 

room temperature under argon. To this material is added 40 mg of 1-naphthoxyacetyI-L- 
histidyl-5S-amino^dohexyI-3R/Ridihydfoxy.2R-isopropyl-hexanoyl-I^k^^ 
pyridylmethylamide A-1 prepared as described in PCT International Publicadon No. WO 
87/05302. published 11 September 1987. arid 21 mg of IH-tetrazoIe. followed by 0.5 mL of ' 
10 anhydrous tetrahydrofuran. After stirring for JO min, 42 ^ of di-tert^vtyl N.N-diethyl- 
phosphoramidite is added and the resulting mixture is allowed to stir overnight. He reaction 
mature is cooled to OP and 30 mg of 85% m-chloroperbenzoic acid in a small amount of 
dichloromethane is added. After 20min. addiUonal dichloromethane and methanol is added to 
give a clear solution, and then excess aqueous sodium bisulfite is added. The reaction mixture 
15 is extracted with dichloromethane widi a small amount of methanol. The organic phase is dried 
(magnesium sul&te) and then concentrated. The residue is chromatographed on silica gel with 
5%-10% methanol in dichloromethane to give 13.2 mg of i-naphthoxyacetyI-L-histidyl-5S- 
amino-6-cyclohexyI-3R.4R-0,0.tert-butyloxyphosphoryI-2R-isopropyl-hexanoyl-L-isoleucyl-2. 
pyridylmethylamide (A-2). ^H-NMR spectnira is consistent with the proposed structure. FAB- 
20 MS:[M+H]+atni/z930forC45H68N7O9P. 

To a stirred solution of 13 mg of l-naphthoxyacetyl-L-histidyl-5S-amino-6-cyclohexyl- 
3R,4R-0,0-tert-butyloxyphosphoryl-2R-isopropyl-hexanoyl-L-isoIeucyl-2-pyridylmethylamide 
(A-2) in 0.4 mL of tetrahydrofuran is added 0.2 mL of concentrate hydrochloric acid. After 1 
hr, the mixture is concentrated and the residue evaporated with two portions of edianol to give 
25 12 mg of the titled product. 

Physical characteristics of the titled product are as follows: 
FAB-MS: {M+HJ+ at m/2 874 for C45HgoN709P. 
^H-NMR q)ectrum is consistent with die proposed structure. 
CV-1 Assay (% Inhibition): 86% at lOfiM; 24% at l/tM. 

30 PREPARATION 116a tert-Butyloxycarbonyl-L^eryl-2-pyrldylmethyIamlde (Formula B-3) 

Refo- to Chart B. 

To a stirred solution of 410 mg of tert-butyloxycarbonyl-L-serine (B-1) and 0.25 mL of 
2-pyridyImethylamine (B-2) in 8 mL of dimefliylforamide Is added 0.44 mL of '. 
diisopropylethylamine and 986 mg of ben20triazol-l-yloxy-tris(dimetfaylamino)phosphonium 
35 hexafluorophosphate. After stirring overnight, the concentrated reaction mature is 

chromatographed on sUica gel with 4%-8% methanol in dichloromethane to give 700 mg of the 
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tided product. 

Physical characteristics of the titled product are as follows: 
^H-NMR spectrum is consistent with the proposed structure. 
PREPARATION 117 L-SetyI-2-pyridylmethylamide (Formula B-4) Refer to Chart B. 
5 A solution of 700 mg of the itled product of Preparation llda in 4 mL of 

dichloromethane and 4 mL of trifluoroap etic acid is allowed to stir for 1 hr. The reaction 
mixture is added slowly to 200 mL of 2:l=ether:hexane. TTie residue is evaporated with 
toluene to give 700 mg of the bis trifluoroacetate salt of the titled product. 
Physical characteristics of the titled product are as follows: 
10 ^H-NMR spectrum is consistent with the proposed structure. 

PREPARATION 118 5S-tert-Butyloxycarbonylamino-4S-tert-butyldimethylsilyloxy-6- 
cyclohexyl-2S-isopropyl-hexanoyI-L-seryl-2-pyridylmethyIamide 
(Formula B-5) Refer to Chart B. 
To a stirred solution of 700 mg of the titled produa of Preparation 1 17 and 1 .4 mL of 
15 diisopropylethylamine in 8 mL of dimethylforamide is added 1,21 g of 5S-tert- 

butyloxycarbonylamino-4S-tert-butyldimethylsiIyloxy-6-cycIohexyl-2S-isopropyl-hexM^ 
and 1 . 1 g of ben20tria2oM-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate. After 
stirring overnight, the concentrated mixture is chromatographed on silica gel with 4%-8% 
methanol in dichloromethane to give 1,3 g of the titled product. 
20 Physical characteristics of the title product are as follows: 

FAB-MS: [M+H]+ at m/z 663 for C35H62N406Si. 
^H-NMR spectrum is consistent with the proposed structure. 
PREPARATION 119 5S-Ammo-4S-tert-butyldimethylsilyloxy-6-cyclohexyl-2S-isopropyl- 
hexanoyl-L-setyl-2-pyridylmethylamide (Formula B-7) Refer to Chart 
25 B. 

A solution of 215 mg of the tided product of Preparation 118 in 1 mL of 
dichloromediane and 1 mL of trifluoroacetic acid is allowed to stir for 1 hr. The reaction 
mixture is partitioned between dichloromethane and aqueous sodium bicarbonate. The organic 
phase is dried (magnesium sulfate) and dien concentrated to give 184 mg of die tided product. 
30 Physical characteristics of the tided product are as follows: 

^H-NMR spectrum is consistent widi die proposed structure. 
PREPARATION 120 l-Naphdioxyacfetyl-N^*^-tert-butyloxycarbonyl-L-histidyl^^^^ 

tert-butyldunediylsilyloxy-6-cyclohexyl-2S-isopropyl-hexanoyl-L-seryl-2- 
pyridylmediylamide (Formula B-8) Refer to Chart B. 
35 To a stirred solution of 160 mg of I-naphdioxyacetyl-N'"°-tert-butyloxycarbonyl-L- 

histidineB-6 and 184 mg of the tided product of Preparation 119 in 1 mL of dimedjyiforamide 
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is added 80 pL of diisopropylethylamineand 180 mg of benzotriazoH-yloxy^Cdime- 
tbyIamino)phosphonium hexafluorophosphate. After stirring overnight, the concentrated 
reaction mixture is chromatographed on sQica gd with 4%-8% methanol in dichloromethane to 
give 184 mg of the titled product 
5 Physical diaractwistics of the^ tided product are as follows: 

FAB-MS: [M+HJ+ at m/z 9843 for C^^^j^NjO^l 

^H-NMR spectrum is consistent*with the proposed structure. 
PREPARATION 121 l-Naphthoxyacetyl-N^^^-tert-butyloxycarbonyl-I^^ 

tert-butyldunethyIsflyIoxy-6^dohexyl-2S-isopropyl-hexanoyl-^ 
butylphosphate-L-seryl-Z-pyridylmethylamide (Formula B-9) Refer to 
Chart B. 

To a stirred solution of 49 mg of the titled product of Preparation 120 and 21 mg of 
IH-tetrazole in 0.5 mL of tetrahydrofuran is added 42 ftL of di-tert-butyl N,N- 
diethylphosphoramidite. After stirring at room temperature overnight, the reaction mixture is 
15 cooled to O^C and 50 mg of 85% m^loroperbenzoic add in a small amount of didilorome- 
thane is added. After 30 min, excess aqueous sodium bisulfite is added and the resulting 
mixture extracted with dichloromethane. The organic phase is dried (magnesium sulfate) and 
then concentrated. The residue is chromatographed on silica gd with 4%-8% methanol in 
dichloromethane to give 45 mg of the titled product. 
20 Physical characteristics of the titled product are as follows: 

FAB-MS: [M+HI+ at m/z 1176 for Ce;iH94N70j2PSi. 
^H-NMR spectrum is consistent with the proposed structure. 
EXAMPLE 7 l"NaphthoxyacetyI-L-histidyl-5S-amino-6-cydohexyl-4S-hydroxy-2S- 

isopropyl-hexanoyl-0-phosphoryl-L-seryl-2-pyridylmethyIamide(Formu- 
25 la B-10) Refer to Qart B. 

To a stirred solution of 45 mg of the titled produrt of Preparation 121 in 0.5 mL of 
dichloromethane is added 0.5 mL of trifluoroacetic acid. After 2 hr, die reaction mature is 
slowly added to 80 mL of 2:1 = hexane:edier. The resulting mixture is centrifiiged and the 
supernatant removed. The residue is washed with 2:1 = hexane:ether and then dried to give 
30 17.8 mg of the titled produa. 

Physical characteristics of the titled product are as follows: 
FAB-MS: [M+HJ+ at m/z 850 for C42H55N7O10P. 
*H-NMR spectrum is consistent whfa the proposed structure. 
PREPARATION 122 3-P(RH3-(tert-Butyloxycarbonyl)-2,2-dunethyM(SH2-met^^^ 
35 cyclohexyI)-5(R>oxazolidinyl]-3-hydroxy-20R>isobutyI-l-oxopropyl]- 

4(R).methyl-5(S)-phenyl-2-oxa2olidinone (Formula C-3) Refer to Chart 
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C. 

To a flame-dried flask under an atmosphere of argon gas contaming 623 mg of 4(R)- 
mediyl-3-(lK)xo-4-methylpentyI)-5(S)-phcnyI-2-oxa2oIidmone (C-2) as a solution in 1 .0 mL of 
dry dichloromethane at 0® is slowly added 2.50 mL of dibutylboron triflate and 0.47 mL of 
5 diisopropylethylamine. After 30 minutes flie solution is cooled to -78° and 736 mg of 3-(tert- 
buQrloxycarbonyI)-2,2-dimefliyl-5(R>for|nyI-4(SH2-methyI<^^ (C-1) is 

added as a solution in LO mL of dichloromethane widi 2 x 0.5 mL rinses. After 30 minutes 
the reaction is wanned to room temperature for 2 hours. The mixture is then cooled to 0° and 
treated with 2.5 mL of LO M phosphate buffer 0)H= 7). 5.0 mL of methanol and 2.5 mL of 
10 30% aqueous hydrogen peroxide. The reaction is stirred for an additional hour, warmed to 
room temperature and partioned between dilute phosphate buffer and dichloromethane. The 
aqueous layer is extracted with additional portions of dichloromethane and the resulting organic 
layers are combined, dried (magnesium sulfate), and concentrated under reduced pressure. The 
residue is flash chromatographed (15% to 30% ethyl acetate in hexanes) on silica gel to afford 
15 0.81 g of the titled product as a white foam. 

Physical characteristics of the titled product are as follows: 

%-NMR FAB HRMS: (300 MHz) 0.9-2.0, 0.95, 1.49, 1.52, 1.65. 2.61, 3.71, 3.84, 
4.12, 4,83, 5.65. 7.4. C34H52N2O7 (m+H)=60L3882. 
PREPARATION 123 3-[3(R)-[3-(tert-ButyIoxycarbonyl)-2,2^IimethyM(S)-(2-methyl- 
'20 cyclohexyl)-5(R)-oxazoIidinyl]-3-hydroxy-2(R)-isobutyNpropanoicacid 

(Fomula C-4) Refer to Chart C. 
To a stirring solution of the 0.80 g of the titled product of Preparation 122 in 13 mL of 
methanol at 0*^ is added 0.85 mL of 30% aqueous hydrogen peroxide and 120 mg of lithium 
hydroxide hydrate in 7.0 ml water. Tlie resulting cloudy mixture with precipitant is warmed to 
25 room temperature and stirred for 4 hoiurs. Hie reaction is then diluted with diethyl ctiier and 
partioned against saturated aqueous sodium bicarbonate. The aqueous layer is extracted with an 
. additional portion of diediyl edier and then acidified witii 6 N hydrochloric acid employing 
methyl orange as an indicator. Tlie acidic aqueous layer is re-extracted with diethyl etiier (6x). 
The organic extraction layers are combined, dried (magnesium sulfate), and concentrated under 
30 reduced pressure. The residue is flash chromatographed on silica gel to afford 382 mg of the 
tided compound as a white solid. 

Physical characteristics of the tided product are as follows: 
%-NMR and FAB HRMS: (300 MHz) 0.9-1.9. 0.95. 1.47. 1.49, 1.62, 2.63. 3.72. 
3.84, 3.95:C24H43N05 (m+H)=442.3196. 
35 PREPARATION 124 3-[3(R)-P-(tert-Butyloxycarbonyl)-2,2-dimethyl-4(S)-(2-methyI- 

cyclohexyl)-5(R)'Oxazolidinyl]-3-hydn)xy-2(R)-isobutyI-propanoyI-L- 
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isoleucyl-2-pyridylmethylaimde (Fonnula C-6) Refer to Chart C. 
To a stirring solution of 382 mg of tiie titled product of Preparation 123 and 290 mg of 
L-isoleucyI-2-pyridyImetliylamine (C-5) in 8.0 mL of dichloromethane is added 0.30 mL of 
diisopropylethylamine and 0.20 niL of dietliyl cyanopliosphonate. After 4 days tl,e reaction 
5 mixture is concentrated under redu(jed pressure. Tht residue is flash chromatographed (60% to 
10055 ethyl acetate in hexanes) on sflica gel to afford 361 mg of the titled product as a white 
solid. I 

Physical characteristics of die tided product are as follows: 
%-NMR and FAB HRMS: C36H6oN4b6 (m+H)=645.4573. 
.10 PREPAIL^TION 125 5S-Amino^dohexyI-3R.4R^ihydroxy-2R-isobutyl-hexanoyl-L- 

isoleucy|.2-pyridylmethylamidp (Formula C-7) Refer to Chart C. 
To a flask containing 5.0 mL of metiianol at 0° is slowly added 0.36 mL of acetyl 
chloride. After 15 minutes tiie solution is wanned to room temperature and stirred for an 
additional 15 minutes. ITie meflianolic hydrogen chloride is then added to a flask containing 
15 361 mg of die tided product of Preparation 124. TTie solid dissolves and is left to stir at room 
temperature. After 7 hours die reaction mixture is dUuted widi dichloromediane and slowly 
treated widi excess solid sodium bicarbonate. TTie doudy suspension is stirred 2.5 hours, 
fUtered dirough Celite widi dichloromediane washings and finally concentrated under reduced 
pressure. The residue is gravity diromatographed (2% to 6% medianol in didiloromediane) on 
20 silica gel to afford 167 mg of die tided product as a white solid. 
Physical characteristics are as follows: 
^H-NMR and FAB MS: C28H48N4O4 (m+H)=505. 
PREPARATION 126 Cydohexanecarbonyl-5S-amino-6-cycIohexyl-3R,4R-dihydroxy-2R- 
isobutyI-hexanoyl-L-isoleucyl-2-pyridylmediylamide (Formula C-8) 
25 Refer to Chart C. 

To a stirring solution of 40 mg of die tided product of Prqiatation 20 and 16 mg of 
cydohexylcarboxylic acid in 0.8 mL of dichloromediane is added 26 pL of diisoprop- 
ylediylamine and 1 8 /iL of diediylphbsphoryl cyanide. After 4 days die reaction mixture is 
concentrated undw reduced pressure; The residue is gravity duomatographed (2% to 6% 
30 medianol in dichloromediane) on sUica gd to affbrd 25 mg of die tided product as a white 
solid. 

Physical chracteristics of the tided product are as follows: 
^H-NMR and FAB HRMS: C35H58N4O5 (m+H)=615.4480. 
By following a similar procedure, die con^und cydohexanecarbonyl-5S-amino-6- 
35 cydohexyl-3R,4R-dihydroxy-2R-isopropyl-liexanoyl-L-isolencyI.2-pyridylmediylamide; or 
<ycIohexane-carbonyI-CVD-IIe-Amp may be pr^ared. 
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PREPARAHON 127 tert-Butyl<)-(4-quinoIinyl)-gIycolic carboxylate (Formula D-2) Refer to 
Chart D. 

To a flame-dried flask under an atmosphere of argon gas is added 206 mg of potassium 
hydride (35% wt/oU). TTie hydride is washed with diethyl edier (2x), dried under high 
5 vacuum, and suspended in 5.0 mL of liry tetrahydrofiiran. The flask is then slowly treated with 
145 rag of 4-hydroxyquinoline (D-1) m flortions. A white precipitant quickly forms. After 15 
minutes the mixture is treated with 0.23 mL of tert-butylbromoacetate. The resulting pale 
orange solution is left to stir at room temperature -for 3 days, lie suspension is then slowly 
treated with meflianol and filtered through Cdite with dichloromethane washings. The filtrate 
10 is concentrated under reduced pressure. The residue is flash chromatographed (2% to 6% 
methanol in dichlorome±ane) on silica gel to afford 120 mg of the titled product as pale yellow 
crystals. 

Physical characteristics of the tided product are as follows: 
^H-NMR (300 MHz) 1.43, 4.68, 6.27, 7.20, 7.38. 7.47, 7.64, 8.44 
15 MS (EI) m/e 259 (M+), 

PREPARATION 128 0-(4-Quinolmyl)-glycolic acid (Formula D-3) Refer to Chart D. 

To a flask containing 120 mg of the tided product of Preparation 127 is added 5.0 mL 
of 1:1 trifluoroacetic acid and dichloromethane. The solid quickly dissolves and is left to stir at 
room temperature. After 2 hours the solution is slowly added to 100 mL of 1:2 diefliyl 
20 eflier:hexanes in a dropwise fashion. A white precipitant forms which is then centrifiiged, 
washed wifli diethyl etfier±exanes, and finally dried under high vacuum to afford 117 mg of 
the titled product as the off-white trifluoroacetate salt. 

Physical characteristics of the tided product are as ft)llows: 
FAB-MS: CnH9N03 (m+H)=:204. 
25 PREPARATION 129 N<4-QuinolinyI)oxyacetyI-5S-amino-6^:ydohexyI-4S-hydroxy-2S- 

isopropyI-4exanoyI-L-isoIeuqrl-2-pyridylmefliylaniide (Formula D-5) 
Refer to Qart D, 

To a suspension of 26 mg of die tided product of Prq)aration 128 trifluoroacetate salt 
and 64 mg of 5S-ammo-6-<yclohexyl-4S-hydroxy-2S-isopropyl-hexanoyI-L-isoleucyl-2- 
30. pyridylmefliylamide P-4) in 1.0 mL of dichloromediane is added 65 fiL of diisopropy- 
letfiylamine and 25 /iL of dietiiylphosphoryl cyanide and 1.25 mL of dimediylformamide is 
added. After 3 days the reaction mixture is concentrated under reduced pressure. . The 
resulting residue is flash chromatographed (4% to 15% medianol in dicMoromediane) on silica 
gel to afford 15 mg of die tided compound as a vfbiie solid. 
. 35 Physical characteristics of the tided product are as follows: 

^H-NMR and FAB-HRMS: C38H53N5O5 (m+H)=660.41 13. 
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HIV-l Protease (Kj, nM): >250. 
PREPARATION 130 3-Aminoquinuclidine (Formula E-1) Refer to Chart E. 

To as stirred suspension of 243 mg of sodium hydroxide in ca 1 ml of methanol is 
added 60S mg of 3-aminoquinuclidinedihydrochloride. The mixture is stirred for one hour, 
5 during which time the granular solidjhydroxide is replaced by a finer white precipitate. 

Followmg removal of excess methanol, the residue is triturated with ether, the mixture filtered 
through Cdite, and the solvent removed under reduced pressure. Tlie residue is purified by 
sublimation at ca 0.1 Torr and 100*» to yield 289 mg of the titled produa as a feathery white 
solid. 

10 PREPARATION 131 3R-Quinuclidincaminocarb6nyl-5S-amino-6-cyclohexyl-3R,4R- 

dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyI-2-pyridyImethylamide 
(Formula E-3) and 3S-Quinuclidineaminocarbonyl-5S-amino-6-cyclo- 
hexyl-3R,4R^ihydroxy-2S-isopropyI-hexanoyl-L-isoleucyl-2-pyridy- 
Imethylamide (Formula E-4) Refer to Chart E. 
15 To a stirred solution of 51 mg of p-nitrophenyl choroformate in 0.5 ml of 

dichloromethane is added a solution of 32 mg of the titled product of Preparation 130 in 0.5 ml 
of dichloromethane. The resulting yellow solution is stirred for one hour, then 44 /xL of 
diisopropylethylamine is added. After another 20 minutes, this mixture, which contains some 
precipiate, is added to 41.4 mg of 5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopn)pyI- 
20 hexanoyl-L-isoIeucyI-2i)yridylmethylamide (E-2). The resulting solution is stirred overnight, 
and then washed witii aqueous alkali, with additional dichloromethane extracts of the aqueous 
layer. Combined organics are dried (magnesium sulfate) and then concentrated under reduced 
pressure. Chromatography of tiie material on silica with 5-12% methanol (saturated with 
ammonia) in dichloromethane provides 5.7 mg of isomer A, assigned formula E-3, 7,9 mg of 
25 isomer B, assigned formula E-4, and 7.4 mg of mixed fractions (total 20.9 m^. 
Isomer A: FAB-MS (found): 643; 
CV-1 Assay (% Inhibition): 12% at 1 /xM. 
Isomer B: FAB-MS (found): 643.4535;. 
CV-1 Assay (% Inhibition): 20% at 1 /tM. 
30 PREPARATION 132 Tert-butyloxycarbonyHIe-2-aminomethyIpyridme. 

Tert-butyloxycarbonyl-He and 1.03 mL fireshly opened or distilled 2-aminometh- 
ylpyridine are dissolved m 7 mL dry N,N-dimethylformamide (stored over 4 A molecular 
sieves) and 1.04 mL N,N-diisopropylethylamine, followed by addition of 4.87 gtenzotriazol-l- 
yloxy-tris(dimethylamino)phosphonium hexafluorophosphate. The reaction is stoppered and 
35 stirred 3 hr-ovemight and monitored by TTiin layer chromatography. Prior to workup, N,N- 
diraethylformamide is removed in vacuo. The resulting residue is dissolved in ethyl acetate, the 
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organic phase washed with aqueous sodium carbonate, dilute acetic acid, water, dried over 
sodium sulfate and then concentrated to yield 3«28 g oily residue which solidified upon standing 
at room temperature overnight 

Physical characteristics of the titled product are as follows: 
5 Thin layer chromatography (siica gel GQ-Jlf = 0,4 in 5% methanol/94% 

chloroform/1% acetic acid; | 

Rf = 0.4 in 10% N,N-dimethylformamide/90% toluene 

(Visualized with ninhydrin or uv) 

IH NMR (CDa3):8.53, 7.66, 7.26. 7.19, 5.13, 4.57, 4.06, 1.93, 1.43, 1.16, 0.90. 
10 PREPARATION 133 Tert-butyloxycarbonyl-Cha*[CH(Otert-bu^IdimethyIsiIyI) 

CH2lVal-IIe-2-aminomethylpyridine. 
The tided product of Preparation 132 is dissolved in 5-10 ml of newly prepared 
hydrochloric acid-saturated methanol (prepared by bubbling anhydrous hydrochloric acid into 
methanol for about twenty minutes). After 20-30 mmutes, this mixture is concentrated in vacuo 
15 and the residue examined by high performance liquid chromatography to determine completion 
of the deprotection reaction. 

Physical characteristics of the product. H-Ile-2-aminomethylpyridine, are as follows: 
Thin layer chromatography (silica gel GF):Rf=0.10 in 10% N,N-dimethylfonna- 
mide/toluene; origm spot in 2:1 ethyl acetate:hexane and in 5% methanol/94% 
20 chloroform/1% NH4OH. 

% NMR (CDCl3):8.55, 8.19, 6.66, 7.28, 7.19, 4.58, 3.38, 2.00-2.06, 1.38-1.46, 
1.08-1.18, 0.98, 0.89. 

Hie above H-Ile-2-aminomethylpyridine is then dissolved in 25 ml dry N,N- 
dunethylformamide and 9.8 ml N,N-diisopropylethylamine (7.29 g). Tert-butyloxycarbonyl- 
25 Cha^[CH(0-tert-butyldimethylsilyl)CH2|Val-0H (5.01 g) and benzotriazoM-yloxy- 
tris(dimcthylamino)phosphonium hexafluorophosphate reagent (4.56 g) are added and the 
reaction stoppered and stirred at room temperature overnight. The reaction is concentrated in 
vacuo to remove the N,N-dimethylfonnamide and the resulting residue dissolved in ethyl 
acetate and washed with sat. sodium carbonate. The aqueous phase is re-extracted with ethyl 
30 acetate and the combined organic phases washed with saturated sodium chloride, dried over 
sodium sulfate, and concentrated in vacuo to yield 7.7 g brown gum. This material is purified 
by loading on a 46 x 4.6 cm silica gel flash column in efliyl aceUte and eluting wjth 0.5 L each 
of 20%, 30%, 40%, 50%, and 60% ethyl acetate in hexane and 1.0 L each 66% and 70% ethyl 
acetate in hexane. The desired product (5.20 g) duted at 70% ethyl acetate. 
35 Physical characteristics of the tided product are as follows: 

TTiin layer chromatography (silica gel GF):Rf=0.22 in 70% ethyl acetate/hexane. 
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»H NMR (CDCl3):8J!2. 7.63, 7.23. 6.09. 4.55. 4.39, 3.56-3.71. 2.13. 1.66-1.87. 
1.43, 1.17-1.29. 0.90, 0.11. 

MS (FAB):689 [M + H1+, 589, 462. 236. 222. 109, 86, 57. 

m (mineral oH mull):2956. 2920, 2869, 2854, 1715, 1496, 1463 cm-*. 

5 PREPARATION 134 Hcx-Cha*[(p(OH)CH2lVaI-Ile-2-aiiunomethyIpyridmetriflaoroac« 

add. 

The amine resulting from the tiled product of Preparation 133 is dissolved in 1 mL dry 
N,N-dimethyIfonnamide and 523 /iL (388 mg) of N,N-diisopropyIethyIamine. Hexanoic acid 
(69 and benzotriarol-l-yloxy-tris(dimetKyla]iuno)phosphoniumhexafluorophosphate (2^^ 
10 mg) are added and the reaction stood overnight at room temperature (after 1 hr, the reaction 
mixture had solidified). N,N-dimethyIformaniide is removed in vacuo. Extractive workup is 
identical to that performed previously in Preparation 132 and yielded 647 mg crude extrart. 
One third of this amount is dissolved in 1 mL methanol and loaded on a 2 x 30 cm reverse 
phase C18 column and eluted with 1^40% CH3CN/0.1% trifluoroacetic acid in water to yield 
15 26.4 mg product. 

Physical characteristics of the titled product are as follows: 
MS (FAB): 573 (M + H). 465, 352, 254. 236, 222. 109. 86. 
HIV-1 Protease ^I.nM): 47. 
CV-1 Assay (% Inhibition): 67% at lO/tM. 
20 PREPARATION 135 Tert-butyIoxycarfaonyl.Ile-8-aminoquinoline. 

Tert-butyloxycarbonyl-Ue (528 mg) is coupled to 8-aminoquinoline (288 mg) in 2 mL 
of dry N.N-dimethylformamlde and 2.1 mL of N,N-<Iiisopropylethylamine with benzotriazol-l- 
yloxy-tris(dimethylamino)phosphoniumhexafluorophosphate (972 mg) at room temperature. 
The extractive workup is as previously described in Prq)aration 132 and the resulting residue is 
25 loaded on a silica gd flash column and eluted with 5% methanoim?5 chloroform/l % acetic 
acid. One fraction contained pure product (177 mg); the rest were contaminated wifli unreacted 
8-aminoquinoline. 

Physical characteristics of the titled product are as follows: 
Thm layer chromatography (silica gd GF): Rf=0.71 in 5% methanol/94% 
30 chloroform/l % acetic acid. 

IH NMR (CDCl3):8.77, 8.13. 7.52, 7.43, 5.45. 4-04. 1.55-1.68. 1.48, 0.93-1.06. 
IR (mineral oil mull): 2057, 2026, 2856, 1709, 1672. 1529. 1506. 1485, 1173. 
MS (EI): 284, 244, 186, 171, 144, 130, 57. 
PREPARATION 136 Tert-butyloxycarhonyI-Cha*[CH(OH)CH2lVal-ne-8-aminoquinoline. 
35 The tiaed product ofPreparatlon 135 (168 mg) Is deprotected with hydrochloric 

acid/methanol for 30-35 min, then concentrated m vacuo and monitored by hplc. The residue 



wo 92/17490 



PCr/US92/02238 



-62- 

is taken up in 1 mL dry N.N^Umethylformamide and S23 /iL N,N-diisopropylethylannne (388 
mg) and coupled to Tm-butyloxycaibonyl^3ia*[(M(Otert-bu(yIdimethyIsiIyl)CH2]VaI-OH 
(245 wift benzotriazol-l-yloxy-tris(dimethyIamino)phosphonium hexafluorophosphatc (243 
mg) at room temperature ovemi^t (Jiigh performance liquid chromatograpliy indicated reaction 
5 is complete in 3 hr). Following an Active workup as described above, 82 mg crude product 
is obtained; no purification is done. | 

Physical characteristics of the titled produa are as follows: 

Thin layer duomatography (silica gej Gf): Rf=0.62 in 50% efliyl acetate/50% hexane. 
% NMR (CDa3):8.6-8.8. 8,1, 7.6-7.8, 7.3-7.6, 6.3, 4.5-t.8. 3.6-3.8, 3.2. 1,6-1.9. ' 
10 1.44, 1,1-1.4, 0.91-1.00. 0.07-0.21, 

MS (FAB):725 [M -I- H]+, 625, 611. 481. 453. 412. 368. 171. 145, 86. 57. 
PREPARATION 137 Acetyl-Cha*[CH(OH)CH2]VaI-IIe-8-anunoquinoline. 

Tert-butyloxycarbonyl-Cha*[CH(Otert-butyldjmethylsiIyl)CH2lVal-Ile-8-aminoquinoline 
(250 mg) the tiUed product of Preparation 136 is deprotected with hydrochloric add/methanol 
15 and the resulting residue dissolved hi 1 mL dry N,N-dimethylformamide and 600 N.N- 
diisopropylethylamine (445 mg), N-Acetyl-iraidazole (228 mg) is added and the reaction 
stoppered and stirred at room temperature for 4 hr. N,N-dimethyIfonnamide is removed in 
vacuo and the residue dissolved in ethyl acetate and washed with water. The aqueous phase is 
extracted twice with ethyl acetate, flie combined organics washed with water, and dried over 
20 sodium sulfate to give 262 mg crude extract. Half of this extract is purified on a 2 x 30 cm 
reverse phase CI 8 column, eluted with 15-50% CH3CN/0.1% trifluoroacetic acid in water; 
21.2 mg titled product is isolated along with 18.1 mg (16%) of diacetylated compound. 
Physical characteristics of the titled product are as follows: 
MS (FAB):. 553 (M + H), 535, 409, 296. 258, 236, 145, 86. 
25 HIV-1 Protease (Ki,nM): 61. 

CV-1 Assay (% Inhibition):41%at 10/tM. 
PREPARATION 138 Tert-butyloxycarbonyI-Val-2-aminomethyIpyridine. 

Tert-butyloxycarbonyl-Val (478 mg) is coupled to 2-aminomelhyI-pyridine in 1.6 mL 
dry N,N-dimethylfonnamide and 2 mL N,N-diisopropyI«hyIamine with benrotriazol-l-yloxy- 
30 tris(dimethylamino)phosphonium hexafluorophosphate (342 mg) at room temperature. The 
extractive workup is as previously desaibed in Preparation 132, and the resultmg residue is 
loaded on a silica gd flash column and duted with 3% racthano!/94% cMoroform/1% acetic 
acid to yidd pure titled product (826.ini^, 

PREPARATION 139 Tert-butyIoxycarbonyl-aa^[CH(0-tert-butyIdimethylsilyl) 
35 CH2]VaI-Val-2-aminomethylpyridine. 

"ITie tided product of Preparation 138 (183 mg) is deprotected with 2 mL hydrodiloric 
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acid/methanol for 20 min at room temperature, then concentrated in vacuo and monitored by 

high performance liquid chromatography. Hie residue is taken up in 0.5 mL dry N-N- 

dimethylformamide, 598 pL N.N-diisopropylethylamine and coupled to Tert-butyloxycarbonyl- 

Cha^[CH(Otert-butyldimethylsiIyI)CH2lVal-OH (240 mg) with benzotriazol-l-yloxy- 

5 tris(dimethylamino)phosphonium h<»cafluorophosphate (238 mg) at room temperature ovenught 

Following an extractive workup as described above, 431 mg cnide titled pr^^ 
purificadon is done. ( I 

PREPARATION 140 Acetyl-Caa*[CH(OH)CH2]Val-VaI-2-aminomethyIpyri^ 

The titled product of Preparation 139 (210 mg) is deprotected with hydrochloric 
10 acid/methanol for 200 min, concentrated in vacuo, and the resulting residue taken up in 1 mL 
dry N,N-<iimethylformamide, 871 fiL N.Nndiisopropylethylamme, Acetyl-imidazole P30 mg) 
is added and the reaction stoppered and stirred at room temperature for 1.5 hr. N.N-' 
dimethylformamide is dien removed in vacuo and tfie residue dissolved in ethyl acetate and 
washed witii water. The aqueous phase is extracted twice with ethyl acetate, the combined 
15 organic layers washed witii water, and dried over sodium sulfate to give 272 mg crude product. 
Half of tiiis material is purified on s 2 x 30 cm reverse-phase C18 column, eluted with 5-30% 
CH3CN/0-l% trifluoroacetic acid in water; 22.4 mg tided product is isolated. 
Physical characteristics of die tided product are as follows: 
MS (FAB): 503 [M + H]+ at m/z, 485. 395, 296, 254, 236, 208, 126, 109, 72. 
20 HIV-1 Protease (Ki,nM): 14. 

CV-1 Assay (% Inhibition):54% at 10/iM. 
PREPARATIONS 141-165 

Using the chemical procedures, starting materials and reactants described above, or 
mediods analogous diereto, die following additional parent compounds for die compounds of 
25 die present invention, having die indicated physical characteristics are prepared: 

(141) Nof-[(2S, 4S, 5S>-5-[N-(3-Indolymediylcarf)onyl)amino]-6-cyclohexyl-4-hydroxy^^^ 
isopropyl-l-oxohexyl]-N-(2-pyridinylmediyl)-L-isoleucinamide; or 3-Indolyl-CH2-C(0> 
CVA-ne-Amp, 

HR FAB MS [m + H]+ at m/z 632.4162; 
30 CV-l Assay (% Inhibition): 3395 atl0AiM. 

(142) Na-[(2S, 4S, 5S)-5-IN-(2-Indolycarbonyl)anunol-6s:yclohexyl-4-hydroxy-2-isopropy^ 
oxohexyl]-N-(2-pyridinylmediyl)-L-isoleucmamide; or 2-Indolyl-C(0)-CVA-Ile-Amp. 
HR FAB MS [m + H1+ at m/z 618.4021. 

« 

CV-l Assay (% Inhibition): 85% at 10 iM. 
35 (143) Na-[(2S, 4S, 5S)-5-IN-([2-(3-Indoly)ethyIJcarbonylIaminoJ-^yclohexyI-t-hydroxy-2- 
isopropyI-l-oxohexyl]-N-(2^yridinylmethyl)-L-isoleucinainide; or 3-IndolyI-(CH2)2- 
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C(0)-CVA-ne-Amp. 

HR FAB MS [m + H]+ at m/z 646.4346. 
CV-1 Assay {% Inhibition): 63% at 10 /iM, 

(144) Na-[(2S, 4S, 5S)-5-[N-(3-PyridinylraethyIcarbonyl)amino]-6<ycIohe 

5 isopropyl-lK)xohexyl]-N-<2-i)j^ridinylmethyI)-L-isoleucinainide; or 3-PyridinyI- 

CH2C(0)-CVA-ne-Amp, , 
HR FAB MS (m + H1+ at m/z 594,4042. 
CV-1 Assay {% Inhibition): 11% at 3 fiM. 

(145) Na-[(2S, 4S. 5S)-5-[N-[(S)-AcetoxybenzyImethylcarbonyl]aininol-6^ 

10 hydroxy-2-isopropyH-oxohexylJ-N-C2-pyridinylmethyI)-L-isoleucinamide; or (S)-0- 

Acetyl-S-phenyllactyl-CVA-De-Amp. 
HR FAB MS [m + H]+ at m/z 665.4278, 
CV-1 Assay (% Inhibition): 40% at 10 ^M. 

(146) Na-[(2S, 4S, 5S)-5-[N-(4-PyridinyIcarbony0amino]-6-cycIohexyl-4-hydroxy-2- 

15 isopropyH-oxohexyl]-N-(2-pyridinylmethyl)-L-isoIeucinamide; or 4-Pyridinyl-C(0)- 

CVA-Ue-Amp. 

HR FAB MS [m + H]+ at m/z 580,3858. 
HIV-1 Protease (Kj, nM): 6. 
CV-1 Assay (% Inhibition): 76% at 10 iM, 
20 (147) Na-[(2S, 4S, 5S)-5-[N-(4-QuinonnyIcarbonyI)amino]-6-cycIohexyl-4-hydroxy-2- 

isopropyl-l-oxohracylJ-N-p-pyridinylmethyl)-L"isoIeucinamide; or 4-QuinoIinyl-C(0)- 
CVA-He-Amp. 

HR FAB MS [m + H]+ at m/z 630.4009. 
CV-1 Assay (% Inhibition): 42% at 1 pM, 
25 (148) Na-[(2S, 4S, 5S)-5-[N-(3-(JuinoIinyIcarbonyl)aminoI-6-cycIohexyI-4-hydroxy-2- 

isopropyI-l-oxohexyI]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 3-QuinoIinyI-C(0)- 
CVA-ne-Amp. 

HR FAB MS [m + H1+ at m/z 630.4009. 
CV-1 Assay (% Inhibition): 8% at 1 iM. 
30 (149) Na-[(2S, 4S, 5S>5-[N-0-PyridinyIcarbonyI)amino]-6-cyclohexyl-4-bydroxy-2- 

isopropyl-lK)xohexyl]-N-(2'^)yridmylmethyl)-L-isoleucinaniide; or 3-Pyridinyl-C(0)- 
CVA-IIe-Amp. 

HR FAB MS tm + H]+ at m/z 580.3886. 
HIV-1 Protease (Kj, nM): 8. 
35 CV-1 Assay (% Inhibition): 71% at 10 /iM; 11% at 1 ftM. 

(150) Na-[(2S, 4S, 5S)-5-[N-(2-Pym)IylcarbonyI)aininol-6-cyclohexyl-4-hycIroxy-2-isopropyI- 
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l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinaini(!e; or 2-Pynx)Iyl-C(0)-CVA-IIe-Amp. 
HR FAB MS [m + H] + at miz 568.3888. 
CV-I Assay (55 Inhibition): 19% at 10 /tM. 

(151) Na-[(2S, 4S. 5S)-5-[N-<r-L-GIutainyI)aimno]-6-cydohexyl-4-hydroxy-2-isopropyI-l. 
5 oxohexyI]-N-(2-pyridinyIni^yl)-L.isoIeucliiamide. trifluoroacetic acid salt; or 7- 

GIutamyl-CVA-ne-Amp. 

HR FAB MS [m + H]+ at m^z 604.4081. 
CV-1 Assay (% Inhibition): 14% at 10 /iM. 

(152) N«-K2S, AS, 5S)-5-[N-(Succmoyl)aiiuno]-6-cycIohexyl-4-hydroxy-2-isopropy]-I- 
10 oxohexyI]-N-^-i)yridinylmethyI)-I^isoleucinainide, trifluoroacetic acid salt; or 

H02C(CH2)2-C(0)-CVA-IIe-Ainp. 

HR FAB MS [m + H]+ at m/z 575.3803. 

CV-1 Assay (% Inhibition): 11% at 10 iM. 

(153) Na-[(2S, 4S, 5S)-5-IN-(2-PyridinyIcarbonyI)amino]-6<yclohexyl-4-hydroxy-2- 

15 isopropyl-l-oxohexyl]-N-(2-(2, 4-diamino-6^yrimidinyIamino)ethyl]-L-isoIeucinamide; 

or2-Pyridinyl-C(0)-CVA-nfr-NH(CH2)2-NH-2,4Kliainino-6-pyrimidinyI. , 
HR FAB MS [m + H]+ at m/z 640.4306. 
CV-1 Assay (% Inhibition): 15% at 10 /tM. 

(154) No(-I(2S, 4S, 5S)-5-[N-(GlutaryI)amino]MS-cyclohexyl-4-hydroxy-2-isopropyI-l- 
20 oxohexyl]-N-^-pyridinyIniethyl)-L-isoleucinamide, trifluoroacetic acid salt; or 

H02C(CH2)3-C(0)-CVA-Ile-Anip. 

HR FAB MS [m + H]+ at m/z 589.3966. 

CV-1 Assay (% Inhibition): 8% at 10 /tM. 

(155) HydioxyacetyI-5S-amino-6<ycIohexyl-3R. 4R-dihydroxy-2R-isopropyl^exanoyl-L- 
25 isoIeucyI-2-pyridylmethyIamide; or ^0)Ac-CVD-Ile-Ainp. 

FAB-MS (found): 549.3628; 

HIV-l Protease OKj. nM): 10. 

CV-1 Assay (% Inhibition):? 25% at 10 /iM. 

(156) L-Glycyl-5S-ainino-6-cydohexy]-3R, 4R-<iihydn)xy-2R-isopropyl-hexanoyl-L-isoIeucyl- 
30 2-pyridylinetfaylamide: or Gly-CVD-Ile-Amp. 

FAB-MS (found): 548.3844; 
HIV-1 Protease (Kj, nM): 182. 

(157) Hydroxyac^l-5S-amino-2R-benzyl-6-cyclohexyl-3R, 4R-<Iihydroxy-*exanoyl-L- 
isoIeucyl-2-pyridylmethyIamide; or (HO) Ac-CPD-IIe-Amp. 

35 FAB-MS (found): 597.3671 

(158) HydroxyacetyI-5S-amino-2R-benzyI-€-<ycloliexyI-3R, 4R-dihydroxy-hexanoyI-L- 
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isoleucyl-2-pyridyImethylainide N-oxide; or (HO) Ac-CPD-Ile-Amp-NO. 
FAB-MS (found): 613.3619; 
HIV-1 Protease (Ki, nM): 250. 

(159) L<iIycyl-5S-amino-2R-ben2yl-6-cyclohexyl-3R, 4R-dihydroxy4iexanoyI-L-isoleucyl-2- 
5 pyridylmethylamide; or Gly-ctD-Be-Amp. 

FAB-MS (found): 596.3835; | 
HIV-1 Protease (Kj. nM): > 250. 

(160) l-AdamantanecarbonyI-5S-amino-6-cycIoh*exyI-3R, 4R-diIiydroxy-2R-isopropyI- 
hexanoyl-L-isoleucyl-2-pyridylmethylamide; or l-Adamantanecarbonyl-CVD-Ile-Anip. 

10 FAB-MS (found): 653.4666; 

HIV-1 Protease (Kj, nM): >400; 

CV-1 Assay (% Inhibition): 55% at 10 ;tM. 

(161) CyclohexanecarbonyI-5S-amino-6-cycIohexyI-3R. 4R-dihydroxy-2R-isopropyI-hexanoyI- 
L-isoleucyI-2-pyrldylmethylamide; or Cyclohexanecarbonyl-CVD-IIe-Amp. 

15 FAB-MS (found): 601.4331; 

HIV-1 Protease (Kj. nM): 22; 

CV-1 Assay (% Inhibition): 80% at 10 pM. 

(162) 5-QuinoIinylhydroxyacetyl-5S-aniino-6-cyclohexyMS-hydroxy-2S-isopropyI-hexanoyl-L- 
isoIeucyl-2-pyridylmethylamide; or 5-Quinolinylhydroxyace(yI-CVA-ne-Amp. 

20 FAB-MS (found): 660.4132; 

CV-1 Assay (% Inhibition): 57% at 10 iM. 

(163) Ac-CVA-IIe-O-benzyl; or AcetyI-5S-amino-6-cycIohexyl-2S-cyclohexylmethyI-4S- 
hydroxy-2S-isopropyl-hexanoyl-L-isoIeucyI-0-ben2ylester. 

FAB-MS [m + H1+ (found): 51.; 
25 HIV-1 Protease (Kj. nM): 121.5. 

CV Assay (% Inhibition): 9% at 10;tM. 

(164) Ac-CVA-Ile-NH2; or AcetyI-5S-amino-6-cycIohexyI-4S-hydroxy-2S-isopropyI-hexanoyI- 
L-isoIeucylamide. 

FAB-MS [m + H]+ (found): 426. 
30 HIV-1 Protease (Kj, nM): 109; 

CV-l Assay (% Inhibition): 8% at 10 /iM. 

(1 65) Ac-CVA-Ile-aminomethyl-benzimidazoIe. 
HIV-1 Protease (Kj, nM): 8; 

CV-1 Assay (% Inhibition): 70% at 1 /iM. 
35 All of the parent compounds prepared in the Preparations above and below may be 

converted to the phosphate prodrug compounds of the present invention by following the 
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procedures in the Examples or methods analogous thereto. 

EXAMPLE 8 N-r(2S.4S,5S)-5-[N-{2-Pyrldinylcarbonyl)amino]-6-cyclohexyI-4-(0- 

phosphoryl>2-isopropyl-l-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-indanyI]anune, 
trifluoroacetic acid salt; or 2Py CO CVP Ahi (Formula F-7) Refer to Chart F. 
5 A. By the general procedure A for Boc group removal (I . CFjCOjH, 2. 

NaHCOj), 0.3695 g of the Boc amine F-1 yields 0.329 g of the amine fiee base. The amine is 
dien coupled (coupling procedure B) 4nih picolinic acid (DEPC, EtjN) and chromatographed 
over silica gel (1.2%MeOH:0.I2%NH4OH:CH2Cl2) to yield .371 g of coupled product F-2. 
Physical diaracteristics are as follows: 

10 The structure was supported by NMR and FAB mass spectra. Found: [M+H]+atfnA 

664. 

B. By the general procedure F for silyl ether cleavage. 0.3713 g of the silyl ether 
F-2 is allowed to react (1. CF3CO2H. 2. NaHCOj) and then chromatographed over sHica gel 
CZ^MeOHrCHjCIj) to yield first 0.2208 g of product F-3 as a mixture followed by 0.0451 g 
15 of pure crystalline product, m.p. 207-209*C. The mixture is rechromatographed over silica gel 
(l%MeOH:CH2Cl2 then 2S5MeOH:CH2Cl2) to yield an additional 0.1528 g of ciystalline F-3, 
N-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-hydroxy-2-isopropyl-l- 
oxohexyl]-N-[(lS,2R)-2-acetoxy-l-indanyl]aminc; or 2Py CO CVA Aai. 
Physical characteristics are as follows: 
20 M.p. 21 1-212 'C, 

TTie structure was supported by a NMR and a high resolution FAB mass spectrum. 
HR FAB MS [M+H] + m/z 550.3297. 
HIV-1 Protease (Kj, nM): 220. 

C. To a N2-covered partial solution of 0.0451 g of F-3 in 3.3 mL of MeOH is 
25 added 6.6 mL of 5.4M NHsAleOH. Within 15 min everything dissolves and the solution is 
stirred at room temperature for 25 hn and then concentrated in vacuo. The residue is 
chromatographed over silica gel 0.5«MeOH:O.25%NH4OH:CH2a2) to yield 0.0329 g of 
crystalline F-4, N-[(2S,4S,5S>5-(N-Ci-Pyridinylcarbonyl)amlno]-6-cycIohexyl-4-hydroxy-2- 
is<q)ropyl-l-oxohexyl]-N-[(lS,2R)-24ydroxy-l-indanyi]amine; or 2Py CO CVA Ahi. 
30 Physical characteristics are as follows: 

M.p. 183-196''C. 

The structure was supported by a high resolution FAB mass spectrum. 
HR FAB MS [M-hHJ+ m/z 508.3164. 
mV-1 Protease (Kj, nM): 12. 

35 D. To a N2-covered solution of .O.OSOg of F-3 in 7.0 mLofTHF is added 0.12 g 

of IH-tetrazole followed by 0. 1975 g of diallyl-N.N-diethyl phosphoramidite (rinsed with a 
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little THF). After stirring the mixture at room temperature for 21.5hrs. there is added an 
additional 0.1906 g of the phosphoramidite. After stirring for an additional 5 hrs the reaction 
mixture is cooled in an ice bath and there is added over 2.5 min a solution of 0.36 g of 85% 
m-chloroperoxybenzoic acid in 6.7 mL of CH2a2. After stirring in the cold for 10 min there 
5 is added quickly 14 J mL of 10% aquieous sodium sulfite. The mixture is diluted with 50 mL 
of CH2CI2 and the aqueous layer is sepa^ed and washed twice with CH2CI2. The organic 
layers are combined, dried over MgSO^ and concentrated in vacuo. The residue is 
chromatographed over silica gel (l%MeOH:0.1%NH4OH:CH2Cl2 then 
l,5%MeOH:0,15%NH4OH:CH2a2) to yield first 0.0690 g of product F-5 followed by 
10 0.0375 g of material that contains product F-5 as a part of a mixture (TLC and NMR). 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"** at m/z 
710. 

E. To a N2-covered solution of 0.0690 g of the diallylphosphonate ester F-5 in 1 .6 
15 mL of THF is added 6.4 mg of triphenylphosphine, 17,0 mg of tetrakis(triphenylphosphine) 

palladium (0) and then a solution of 0.018 mL of formic acid and 0.048 mL of «-butylamine in 
1.6 mL of THF (added over 30 sec). After stirring at room temperature for 30 min there is 
added 24.3 mL of O.OIN KOH. Hie mixture is concentrated in vacuo to remove the THF, 
The aqueous residue is extracted twice with EtOAc:£t20 (emulsion). The aqueous layer that 
20 eventually separates is lyophilized and submitted to preparative HPLC accordmg to procedure E 
to yield 0.0318 g of product F-6. 

Physical characteristics are as follows: 

The structure was supported by a FAB mass spectrum. Found: [M+HJ'*" at m/z 630. 

F. To a solution of 0.0318 g of the acetate F-6 in MeOH (2 mL) is added 4 mL of 
25 5.4M NH3/MeOH. There is also added 4.4 mL of 5.4MNH3/MeOH at intervals of 3 days and 

6 days. After a total of 7 days stirring the reaction mixture is concentrated In vacuo. The 
residue is submitted to prq)arative HPLC according to procedure E to yield 0.0234 g of the 
titled product F-7. 

Physical characteristics are as follows: 
30 Hie structure ^supported by a high resolution FAB mass spectrum. 

HR FAB MS [M+H]+ m/z 588.2849. 
HIV-1 Protease (Kj, nM): 350. 
PREPARATION 166 N.[pS,4S^S)-5-[N-[(2-Pyridinyl)methoxycarbonyl]amino]^- 

cycIohexyl"4^ydroxy-2-isopropyl-l-oxohexyl]-N-[(lS,2R)-2-hydroxy-l- 
35 indanyljamine; or 2Poc CVA Ahi (Formula G-7) Refer to Chart G. 

A. By the coupling procedure C. 0.300 g of G-1 is allowed to react with IS- 
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amino-2R4iydroxyindane (DEPC, ^N) and then chromatographed over sHica gel 
(1.2S%MeOH:CH2Cl2) to yield 0.399 g of coupled product G-2. 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H1+ at miz 
5 617, I 

B. To a N2-covered ice bath cooled solution of 0.3991 g of the alcohol G-2 in 7.3 
mL of pyridine Is added O.OI 1 g of 4-dimethylaminopyridine followed by 0.58 mL of acetic 
anhydride (added over 45 sec). The solution is allowed to warm to room temperature and after 
stirring for 22 hrs is cooled again in an ice bath and treated over 1.25 min with 0.52 mL of 

10 MeOH. After stirring for 25 min m the cold; the reaction is pipetted into 40 mL of cold 1: 1 
H20:brine and extracted 3x with EtOAc. The combined extracts are washed 2x with 20 mL 
cold 0.5N HCl, Ix with H2O, Ix with aqueous NaHCOj and Ix with brine. Each aqueous 
wash is backwashed with EtOAc. The combmed organic fractions are dried over MgSO^ and 
concentrated in vacuo. The residue is placed under house vacuum for 18 hr and then 

15 chromatographed over silica gel (15%EtOAc:hexane) to yield 0.377 g of product G-3. 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found [M+H]+ at m/z 
659. 

C. By the general procedure A for Boc group removal (1 . CF3CO2H, 2. 
20 NaHC03), 0.4341 g of the Boc amine G-3 yields 0.386 g of the amine free base. To a N2- 
covered solution of the amine in 4.8 mL of THF is added 0.17 mL of diisopropylethylamine. 
The mixture is cooled in an ice-MeOH bath and there is added over 3 min a solution of 0.14 g 
of 4-nitrophenylchIoroformate in 9.6 mL of THF. After stining in the cold for 21 hrs the 
mixture is concentrated in vacuo. The residue is chromatographed over silica gd 
25 (0.5%MeOH:CH2a2) to yield 0.2889 g of the carbamate G-4. 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found [M+H1+ at m>4 
724. 

D. To a N2-covered solution of 0.2889 g of the urethane G-4 in 6.4 mL of dioxane 
30 is added 0.061 mL of triethylamine followed by 0.077 mL of 2-pyridylcarbinol. The mixture 
is heated in an oU bath at 95-100**C for 20 hrs and then concentrated in vacuo. The residue is 
chromatographed over silica gel (0.595MeOH:CH2a2 followed by 2,5%MeOH:CH2Cl2) to 
yield first 0.10 g of a mixture (A) of startmg urethane and ;^nitrophenol (NMR) followed by 
0. 138 g of product G-5, In an effort to obtain additional product, a solution of mixture A in 
35 2.2 mL of dioxane is treated with 0.021 mL of triethylamine and 0.027 mL of 2- 

pyridylcarbinol and heated at lOOX in an oil bath for 24hrs. After cooling the reaction 
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mixture is concentrated in vacuo and the residue is chromatographed over silica gel 
(0.5%MeOH:C3l2a2, then 0,75%MeOH:CH2a2, then 2%MeOH:CH2Cl2) to yield 0.0382 g 
of additional product G-S. 

Physical characteristics are as follows: 
5 The structure was supported by NMR and FAB mass spectra. Found: [M+H]**" at mA 

694. I 

E. By procedure F fbr silyl ether cleavage, 0. 1762 g of the silyl ether G-5 is 
allowed to react (1. CF3CO2H, 2. NaHC03)^d*then chromatographed over silica gel 
(3%MeOH:0.3%NH4OH: ^202) to yield 0.0931 g of product G-6. 

10 Physical characteristics are as follows: 

The structure was supported by a FAB mass spectrum. Found: [M+H]'*' at m/z 580. 

F. To a solution of 0.030 g of the acetate G-6 in 2.0 mL of MeOH is added 4.0 
mL of SAM NH3 in MeOH. After stirring for 18 hrs at room temperature, an additional 4 mL 
of 5.4M NH3 in MeOH is added. After stirring for an additional 23 hrs, the reaction mixture 

15 is concentrated in vacuo. The residue is chromatographed over silica gd 
P%MeOH:0.3%NH4OH:CH2Cl2) to yield 0.0197 g of product G-7. 
Physical characteristics are as follows: 

The structure was supported by a high resolution FAB mass spectrum. 
HR FAB MS [M+H] + m/z 538,3293. 
20 HIV-1 Protease (Kj, nM): 40,5. 

PREPARATION 167 Nff-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyI-4- 

hydroxy-2-isopropyl-I-oxohexyl]-N-[4-[C3-ammo-2-pyridinyl)amino]-2- 
butenyl]-L-isolencmamide; or 2Py CO CVA lie Apb (Formula H-9) 
Refer to Chart H. 

25 A. To a solution of 5.0 g of trans l,4-dibromo-2-butene H-1 in 30 mL of toluene 

is added 10.39 g of potassium phthalimide followed by 0.62 g of 18-crown-6. After heating in 
an oil bath at 100**C for 8 hrs the mixtore is allowed to cool and stir at room temperature for 3 
days. There is then added 5 mL of H2O and after stirring at room temperature for I hr a 
suspended solid is collected on a filter, washed with H2O and dried under vacuum to yield 

30 8i40 g of product H-2, m.p. 219-227*C. This crude produa is used as is iii the next step. 
Physical characteristics are as follows: 

The structure was supported by EI mass spec. Found M"*' at raA 346, and IR. Anal. 
Found: C, 68..67; H, 4.05; N, 7.89, 

B, 8.40 g of the crude product H-2 from the previous reaction is suspended under 
35 N2 in 150 mL of absolute EtOH witii mechanical sturmg. There is then added 2.35 mL of 
hydrazine hydrate and the well stirred nuxture is heated in an oil bath at 70"C for 4 hr. The 
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ofl bath is then removed and after stirring at room temperature for 1 hr the sUrrer is turned off 
and the mixture is allowed to stand for 18 hr. A suspended solid is collected on a filter and 
washed twice with absolute EtOH. ITie combined ffltrates are concentrated in vacuo and 
treated with -400 mL of warm (steam bath) HjO. Some undissolved solid is removed by 
5 fatration and washed with a smalj amount of HjO. Hie combined fMtrates are cooled in an ice 
bath and acidified with 8 mL of 6N HQ. A heavy precipitate is collected on a filter and 
washed with a small amount of Hpi Tht combmed filtrates are lyophflized to yield 3.04 g of 
product H-3 as the HQ salt 

Physical characteristics are as follows: 
10 M.p. >300"C. 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]+atm/4 
87. 

C. To a partial solution of 0.200 g of the amine salt H-3 in 9 mL of HjO is added 
0.126 g of potassium bicarbonate. To the resulting solution is added over 2.5 rain, a solution 
15 of 0.30 g of di^-butyldicarbonate in 8 mL of dioxane. After stirring at room temperature for 
25 hrs and then at lOQ-C in an oil bath for 6 hrs. The solution is allowed to cool and stir for 
18 hr at room temperature. The solution is then concentrated in vacuo and the residue placed 
under vacuum. TTie residue is dissolved in CRjC\iMtaR (2:1) treated with 0.2 mL of EtjN 
adsorbed onto silica gel and chrpmatographed over a 50 mL silica gel column (elution with 9% 
20 MeOH:0.5% NH40H:CH2Cl2) to yield 0. 1040 g of product H-4. 
Physical characteristics are as follows: 
M.p. 153.5-157'C (dec). 

nie structure was supported by NMR and FAB mass spectra. Found: (M+H]+ atjnA 
187. 

25 D. To a N2-covered suspension of 0.050 g of the mono Boc-diamine H-4 in 2 mL 

of THF is added 0.088 mL of triethylanune followed by 0.067 g of 2-chIoro-3-nitropyridine. 
After heating in an oil bath at 75«C for 16.5 hr the mixture Is allowed to cool and concentrated 
in vacuo. The residue is chromatographed over a 50 mL sHica gel column to yield .0662 g of 
product H-5. )■ 

30 Physical charactoistics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]+ at mfi 
309. 

E. By die general procedure A for Boc group removal (1. CF3C62H, 2. . 
NaHCOj), 0.058 g of the Boc amine H-5 yields 0.0361 g of die amine free base. TTie amme is 
35 then coupled (coupling procedure C) with Boc(OraDMS)CVAIleOH (using DEPC, EtjN) and 
chromatographed over silica gd (I.8« MeOH:0.18% NH40H:CH2a2) to yield 0.1137 g of 
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coupled product H-6. 

Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"*" at mft 
789. 

5 F. By the general procedure A for Boc group removal (1. CF3CO2H, 2. 

NaHCOj), 0.1 137 g of the Boc anune H-^ yields 0.1261 g of crude amine free base. The 
amine is then coupled (coupling procedure B) with picolinic acid (using DEPC, £t3N) and 
chromatogrs^hed over silica gel (1.8% MeOH: 0.18% NH40H:CH2a2) y^*^^^ 0.0802 g of 
coupled product H-7. 
10 Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"*" at mft 
794, 

G. To a N2-covered solution of 0.0614 g of the nitro peptide H-7 in 1 mL of 
absolute EtOH is added 0.087 g of stannous chloride dihydrate. After heating in an oil bath at 

15 70**C for 35 min the reaction mixture is allowed to cool and is pipetted into 10 raL of ice. The 
mixture is neutralized with solid NaHC03 and extracted 4x with 20-30 mL portions of CH2CI2. 
The combined extracts are dried over MgS04 and concentrated in vacuo to yield residue A. 
The aqueous fraction is diluted with 10 mL of H2O and lyophilized. The lyophilizate is washed 
5x with portions of CH2CI2 and the combined washes are concentrated in vacuo to yield 

20 residue B. Residues A and B are combined and chromatographed over silica gel (3% MeOH: 
0.3% NH40H:CH2a2) to yield 0.0370 g of the amine H-8. 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"*" at mA 
764. 

25 H. By procedure F for sil^ ether cleavage, 0.0370 g of the silyl etfier Ht8 is 

allowed to react (1. CF3CO2H, 2. NaHC03} and then chromatographed over silica gel (4% 
MeOH:0.4% NH40H:CH2Cl2) to yield 0.0199 g of the titled product. 
Physical characteristics are as follows: 

The structure was supported by a high resolution FAB mass spectrum. 
30 HR FAB MS [M+H]"*" m/z 650.4411. 

HIV-1 Protease (Ki, nM): 67. 
EXAMPLE 9 Nc^[(2S.4S,5S)-5-[N-[(3-Pyridinyl)methoxycarbonyl]amino]-6H:yclohexyl^ 
phosphoryl>2-isopropyl-lK)xohexyl]-N-<2-ienzimidazolylmethyl)-L- 
isoleucinamide, trifluoroacetic acid salt; or 3Poc CVP De Amb (Formula 1-9) 
35 Refer to C3iart L 

A. To a N2 covered suspension of 1.0 g of 2(aminomethyl)benzimidazole I-l in 
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225 mL of CH2CI2 is added 1.250 g of Boc isoleucine followed by 2.37 mL of trielhylamine. 
Within S min everything went into solution and there is added 0.97 mL of diethyl 
cyanophosphonate. After stirring at room temperature for 20.5 hr the reaction mixture is 
washed with aqueous NaHCOj. dried over MgS04 concentrated in vacuo. The residue is 
5 chromatographed over silica gd (3^ MeOH:0,39l NH40H:CH2a2) to yield 1 JO g of 
crystalline product 1-2, 

Physical characteristics are as Ibllows: 

M.p. 213,5-214.5*C. 

The structure was supported by NUR and FAB mass spectra. Found [M+H]+ at m/z 
10 361. . • 

B. To a N2 covered ice bath cooled partial solution of 0,464 g of the Boc amine I- 
2 in 3.1 mL of CH2CI2 is added dropwise over 4 min 3.1 mL of trifluoroacetic acid. The ice 
bath is removed and after stirring at room temperature for 1 hr 7 min, the reaction mixture is 
added dropwise over 1.75 min to a well stirred mixture of 3.5 g NaHCOj. 25 mL HjO + 
15 50 mL CH2CI2, The aqueous layer is washed twice with CH2CI2 and the combined organic 
fractions are dried over MgS04 and concentrated in vacuo to yield 0.1658 g of crude amine 
free base A. Hie aqueous fraction is lyophilized and the lyophilizate is washed several times 
with CH2CI2 to yield 0.1411 g of additional amine free base. This latter material is combined 
with amine A and coupled (coupling procedure C) with Boc(OTBDMS)CVA (using DEPC, 
20 EtgN) and chromatographed over silica gel (3% MeOH:0.3% NH40H:CH2Cl2) to yield 
0,6402 g of coupled produa 1-3. 

Physical characteristics are as follows: 

ITie structure was supported by NMR and FAB mass spectra. Found: [M+H]''" at mA 
728. 

25 C. By the general procedure A for Boc group removal (1. CF3CO2H, 2, 

NaHC03), 0.200 g of die Boc amine 1-3 yields 0. 176 g of crude amine free base. To a 
solution of 0,114 g of the mixed carbonate salt 1-4 prepared as described in Preparation 168. in 
1.3 mL of CH3CN is added 0,12 mL of diisopropyl-ethylamine. After stirring at room 
temperature for 10 min there is added a solution of the amine free base in 1.3 mL of CHCI3 

30 and after heating in an oil bath at 80**C for 16 hr the reaction is allowed to cool and 

concentrated in vacuo. The residue is chromatographed over silica gel (1,5% MeOH:0.15% 
NH40H:CH2Cl2 followed by 0.3% MeOH; 0.3% NH40H:CH2Cl2) to yield 0,128 g of the 
carbamate 1-5. 

Physical characteristics are as follows: 

35 The structure was supported by NMR and FAB mass spectra. Found: fM+H]+ at m/i 

763. 
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D. By procedure F for silyl ether cleavage, 0.1278 g of the sflyl ether 1-5 is 
allowed to react (1. CF3CO2H, 2. NaHC03) and then chromatographed over silica gel 
(456MeOH:0.4%NH4OH:CH2a2 followed by 5%MeOH:0^%NH4OH:CH2a2) to yield 
0.0924 g of the product 1-6, No^[(2S,4S,5S)-5-[N-[(3-PyridmyI)methoxycarbonyl]aminol-6- 
5 cydohexyl-44iydroxy-2-isopropyI-lH)3lohexyl]-N-(2-benzimida2oIylin^ or 
3Poc CVA ne Amb. | 

Physical diaracteristics are as follows: 

The structure was supported a FAB mass spectrum. Found: [M+H]"^ at m/z 649. 
HIV-1 Protease (Kj, nM): 10. 
10 E. To a solution of 0.0924 g of the product 1-6 in 5.0 mL of THF is added 0.12 g 

of IH-tetrazole followed by a solution of 0.188 g of diallyI-N,N-diethylphosphoramiditeI-7, 
prepared as described in Prq}aration 169, in 2.0 mL of THF. After stirring at room 
temperature for 2 days an additional 0.100 g of the phosphoramidite is added and after 5.5 hrs 
0.187 g more phosphoramidite is added. Then after an additional 19 hr of stirring, the reaction 
15 mixture is cooled in an ice bath and there is added dropwise over 2.75 min a solution of 0.45 g 
of 85% Tn-chloroperoxybenzoic acid m 8,3 mL of CH2CI2. After stirring in the cold for 10 
min there is added quickly 18 mL of 10% aqueous sodium sulfite, ITie mixture is diluted with 
50 mL of CH2CI2. The aqueous fraction is extracted twice with CH2a2 and the combined 
^ organic fractions are dried over MgS04 concentrated in vacuo. The residue is 
20 chromatographed over sflica gel (4%MeOH:0.4%NH4OH:CH2Cl2) to yield 0.0505 g of 
product 1-8. 

Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+HJ"*" at m/z 
809. 

25 F. To a N2-covered solution of 0.0505 g the phosphonate diester 1-8 in 1.0 mL of 

THF is added 4.1 mg of triphenylphosphme and 11 mg of tetrakis (triphenylphosphine) 
palladium (0). There is then added dropwise over 1 min a solution of 0.012 mL of formic acid 
and 0.031 mL of n-butylamine in 1.0 mL of THF. After stirring at room temperature for I hr 
there is added 15.6 mL of O.OIN KOH and the mixture Is concentrated in vacuo to remove the 

30 THF. A gummy precipitate present in the aqueous residue solidifies sufficiently when cooled 
in an ice bath to be collected on a filter. This filtered amorphous material is dissolved in 
MeOH and concentrated in vacuo. Ihe residue is washed once with 1 mL of EtOAc and the 
material remaming is submitted to preparative HPLC according to procedure E to yield 23.7 
mg of the titled product 1-9. 

35 Physical characteristics are as follows: 

The structure was supported by a high resolution FAB mass spectrum. 
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HR FAB MS IM+H]+ m/z 729.3746. 
HIV-1 Protease (Kj, nM): 350. 
PREPARATION 168 3-PyridinyImethyl/>.nitrophenyI carbonate. /Miltrophenol ^^^^ 

A Nj-covered solution of 0.81 mL of S-pyridylcarbinol in 10 mL of benzene Is heated 
5 in an ofl bath at reflux under a Dean f tark trap for 2 hn. After cooling the solution is 
concentrated fiivacMO. ToaNj-coveredsolutionof the residue in 15 mL of CHjClj is added 
2.79 g of bis(p-nitrophenyl)carbonate. After stilting for 17.75 hrs the mixture is concentrated 
in vacuo. Tie residue is treated with 30 mL of EtjO and an undissolved solid is removed by 
filtration. TTie filtrate yields two crops. 2.073 g (m.p. 91.5-95'Q and 0.1259 g (m.p. 90.5- 
10 96»C) of the titled product. . • 

Physical characteristics are as follows: 
The analytical sample melted at 97.5-98 "C. 

The structure was supported by NMR. infrared and FAB mass spectra. Found 
[M+HJ+ at mA 275. Anal. Found: C, 54.97; H, 3.56; N, 10.06. 
15 PREPARATION 169 Diallyl N.N^iethylphosphoramidite (Formula J-3) Refer to Chart J. 

A. To a Nj-covered solution of 7.47 mL of phosphorous trichloride M in 50 mL 
of Et20, cooled to -30 to -50''C with intermittent use of a dry icKMejCO bath, is added over 
35 min. 17.7 mL of neat diethylamine (caution-vigorous reaction). The reaction is tiien 
allowed to warm to room temperature and after 2 hr 10 min stirring, there is added an 
20 additional 50 mL of ^fi. A precipitate is collected on a filter under and washed well with 
Et20. TTie combined filtrates are concentrated in vacuo and the residue is disUlIed at 8.5 mm 
to yield 11.18 g of product J-2. 

Physical characteristics are as follows: 
B.p. 69''C. 

25 The structure was supported by a NMR spectrum. 

B. The dichloride J-2 is dissolved in 50 mL of EtjO and cooled to -30 to -40'C 
witii intermittent use of a dry ice:Me2C0 bath. There is then added a solution of 8.75 mL of 
allyl alcohol and 19.7 mL of triethylamine in 50 mL of EtjO dropwise over 22 min. The 
reaction is then allowed to warm to room temperature and after stirring for 3 hrs there is added 

30 25 mL of 5% aqueous NaHCOj. TTie El^O layer is separated and washed 2x with 20 mL 
portions of 5% aqueous NaHCOj and Ixwth brine. The organiclayer is concentrated /n 
vacuo and die residue is distilled at 0.45 mm to yield 11.73 g of diallyl-N,N- 
diethylphosphoramidite. .' . 

Physical characteristics are as follows: 
35 B.p.53-56''C. 

The structure was supported by and 3 IP NMR spectra. 
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EXAMPLE 10 l-naphthoxyacetyI<)i)hosphoryl-I^threonyI-5S-amin(>-6-^ 

2S-isopiopyI-hexanoyl-L-isoleucyl-2-aminomethylpyridme, dipotassium salt; or 
Noa<)-P03K2-TTir.CVA-ne-Amp (Fonnula K-6) Refer to Chart K. 
A, Noa-'nir<:VA(OTBS).IIe-Ainp (Formula K-3) 
5 To a stirring solution of 200 mg of Noa-Thr^OH (K-1) and 415 mg of H- 

CVA(OTBS)-IIe-Ainp (K-2) in 3 mL of ^ichloromethane is added 310 mg of benzotriazol-1- 
yloxy.tris(dimethylamino)phosphonium hexafluorophosphate followed by 130 iiL of 
diisopropylethylamine. After 3 days, the reaction mixture is concentrated under reduced 
pressure to afford a viscious oil. The oil is flash column chromatographed on silica gel using 
10 2% to 6% methanol in dichloromethane to afford the crude product also as an oil. TTie oil is 
dissolved in a large volume of diethyl ether, washed with water (3x), brine, dried (MgS04), 
and finally concentrated under reduced pressure to afford 370 mg of Noa-Thr-CVA(OTBSHIe- 
Amp (K-3). 

B. Noa-nir(OP(0)(OCH2CH=CH2)2)-CVA(OTOSHle-Amp (Formula K-4) 
15 To a flame-dried flask under an argon atomsphere is added 262 mg of Noa-Hir- 

CVA(OTBS)-Ile-Amp (K-3) and 105 mg of tetrazole. The solids are charged with 1.5 mL of 
dry tetrahydrofuran. The resulting solution is treated with 350 /iL of diallyl N,N- 
diethylphosphoraraidite. After 0.5 hour, the reaction is treated with an additional 100 fiL of 
phosphoramidite reagent After 0,75 hour total, the reaction mixture is cooled to -35 and 
20 treated with 470 mg of - 85% m-chloroperoxybenzoic acid as a solution in 4.5 mL of 

dichloromethane. After 15 minutes, the reaction is wanned to room temperature and diluted 
with 70 mL of diethyl ether. The mixttire is washed with 10% aqueous sodium metabisulfate 
(2 xl5 mL), followed by 5% aqueous sodium bicarbonate (2 x 15 mL), 5% aqueous citric acid 
(2 X 15 mL), and finally brine. Hie organic phase is dried (MgSO^) and then concentrated 
25 under reduced pressure. The residue is flash column chromatographed on silica gel using 1 % 
to 6% methanol in dichloromethane to afford 273 mg of Noa-'nir(OP(0)(OCH2CH=CH2)2)- 
CVA(OTBS)-Ile-Amp (K-4), 

C. Noa-nir(OP(0)(OCH2CH=CH2)2)-CVA-Ile-Amp (Formula K-5) 

To a stirring solution of 273 mg of Noa-TTir(OP(0)(OCH2CH= 012)2)- 
30 CVA(OTBS)-ne-Amp (K-4) in 0.5 mL of dichloromethane is added 0,5 mL of trifluoroacetic 
acid. After 50 minutes, the reaction is diluted with additional dichloromediane and slowly 
added to excess aqueous sodium bicarbonate. After 0.33 hours, the phases are separated and 
the aqueous layer is extracted widi additional portions of dichloromethane (4x). The combined 
' organic extractions are dried (hAgSO^ and concentrated under reduced pressure. The residue is 
35 flash chromatographed on silica gel using 2% to 6% methanol in dichloromethane to afford 211 
mg of Noa-Thr(OP(0)(OCH2CH=CH2)2)-CVA-IIe-Amp (K-5) as a white solid. 
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D. Noa-TTir(OP(0)(OK)2)-CVA(OTBS>ne-Ainp(FonnuIaK-6) 

To a flame^lried flask under an argon atomsphere containing a stirring solution 
of 211 mg of Noa-TTir(OP(0)(OCH2ai=CH2)2)-CVA-ne-Anip (K-5). 27 mg of tctrakis 
(triphenylphosphine)palladium(0) and 30 mg of triphenylphosphine in 7.5 mL of diy 
5 tetrahydrofuran, is added 43 /iL of fonnic acid and 116 /tL of n-butylamine as a solution in 0.5 
mL of diy tetrahydrofuran. TTie dear tan solution slowly grows doudy. After 1 hour, the 
reaction is treated with additional amouAts of reagents: 20 mg of palladium catalyst, 25 mg 
triphenylphosphine, and 35 /iL of formic add along with 90 /tL of butylamine m 0.5 mL of 
tetrahydrofuran. After an additional hour, die reaction is diluted widi diethyl etiicr and 
10 partioned against 50 mL of O.OI N aqueous potassium hydroxide. The aqueous layer is 

extracted with ethyl acetate and diethyl ether. The combined organic layere arc baclc-extracted 
with dUute aqueous potassium hydroxide. The combined aqueous layers are- filtered and 
lyophflized. Hie lyophUe is dissolved in dUute aqueous potassium carbonate, extracted with n- 
butanol (4x), and die butanol extractions are concentrated under reduced pressure. The residue 
15 is dissolved in water and lyophUized. The lyophile is divided into lots, dissolved in a-small 
amount of water, and processed flirough Sep-Pak Cjg cartridges eluting with 0% to 50% 
acetonitrUe in water. The product fractions are concentrated and lyophilized to afford 1 14 mg 
of Noa-Thr(OP(0)(OK)2)-CVA-ne-Amp (K-6). 
Physical characteristics are as follows: 
20 FAB-MS: (m+H) = 916.3449. 

HIV-1 Protease (Kj, nM): 73. 
EXAMPLE 11 3-(0-phosphoryl^Hi)henyl)-butyryI-L-histidyl-5S-amino-6-cycIohexyl-4S- 
hydroxy-2S-isopropyl-hexanoyI-L-isoleucyI-2-aminomethyIpyridine;or Dat(0- 
POjHj^His-CVA-ne-Amp. 

25 des-NH2-C>i>hospho-L-tyrosme is prq)ared by reaction of 3-<p4ydroxyphenyl>4nityric 

acid with 4 equivalents of P2O5 in H3PO4 at 80 d^ees for 24 hours (Paul F. Alewood, R.B. 
Johns and Robert M. Valerio, Synthesis, 30, 1983). The desired product is purified by reverse 
phase C18 chromatography and characterized by NMR and FAB/MS. The phosphoiylated 
tyrosine analog is coupled to the N-tenninus of the pq>tide using benzotrlazole-l-yl-oxy-tris- 

30 (dimeftylamino>phosphoniumhexa-fluorophosphate (BOP reagent) for carboxylate aaivation. 
Tlie phosphorylated pq)tide is purified by reverse phase diormatography and characterized by 
FAB/MS. 

Physical characteristics are as follows: 
FAB-MS: (M+H) = 839.9006. 
35 HIV-1 Protease (Kj, nM): 8.1. 

PREPARATION 170 ((5-(3.6,9,12,15-pentaoxa-hexadec-l-yl)oxy)naphthaIen-lyl)oxyacetyI-L- 
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vaIinyl-5S'-amtoo-6-(grdohexyl-3J?,4/?Hlihy(koxy-mopropyI-hexanoyl- 

L-isoleucinyl-2-aininomefliyIpyriduie;or5-PenUegNoa-Val-CVD-IIe- 
Amp (Fonnula L-6) Refer to Chart L. 

A. A soluUon of 40 mg of Boc-Val-OH(L-l) (Peptides International) and 53 mg of 
5 H-CVD-Ile-2-Amp (L-2) all in 2 ml of'dimediylfbmaamide is treated with 90 /d of 

diisopropylethylamine (Aldrlch) followed,by 40 /d of diethyl cyanophosphonate (Aldrich). TTie 
resulting colorless solution is allowed to stir at room temperature under a nitrogen atmosphere 
for 25 h at which time TLC analysis confirms the reaction is complete. Tliis mixture is diluted 

with methanol and flien concentrated under reduced pressure (first under house vacuum to 
10 remove metiianol and then with a vacuum pump to remove dimethylformamide) to give die 
crude product as a light brown solid. TTiis material is chromatographed over 50 g of silica gel 
(63-200|i), duting with 4% (4M NHj/MeOPO/CHCIj and collecting 7 ml fractions. Fractions 
28-40 are combined and concentrated to give 78 mg of L-3. 
Physical characteristics are as follows: 
15 TLC a*hosphomolybdic acid) R/ = 0.45 in 5% (4M NH3/MeOH)/CHCl3. 

B. The Boc-Val-CVD-Ile-2-Amp (L-3) from die previous experiment.is treated 
widi 3 ml of methylene chloride and 3 ml of trifluoroacetic add (Aldrich). The resulting 
solution is stirred at room temperature for 2 h at whidi time TLC analysis indicates die reaction 
is complete. The solution is concentrated under reduced pressure to give die crude product as 
20 an oil. This material is chromatographed over 50 g of silica gd (63-200n). duting with 555 

(4M NH3/MeOH)/CHCl3 and collecting 7 ml fractions. Fractions 36-55 are combined and 
concentrated to give 58 mg of L-4. 

Physical characteristics are as follows: 

TLC (Phosphomolybdic add) R/ = 0. 19 in 5% (4M NH3/MeOH)/CHa3. 
25 C. A solution of64mg of5-rCH30fCH2CH20J5M-Noa(L-5), prepared as 

described in Preparation 171, and 58 mg of H-Val-CVD.ne-2-Amp (L-4) all in 2 ml of 
dunediylformamide is treated with 83 id of diisopropylethylamine (Aldridi) followed by 37 /il 
of diethyl cyanophosphonate (Aldridi), The resulting solution is allowed to stir at room 
temperature under a nitrogen atmosphere for 19 h at which time TLC analysis indicates no 
30 remaining amine. Tlie solution is dfluted widi methanol and then concentrated under reduced 
pressure (first under house vacuum to remove methanol and tiien wiUi a vacuum pump to 
remove dimethylformamide). to give die crude product as a dark brown oil. TTiis material is 
diromatographed over 50 g of silica gd (63-200^), duting with 3 % (4M NHj/MeOIQ/CHClj 
and collecting. 6.5 ml fractions. Fractions 63-89 are combined and concentrated to give 74 mg 
35 of die tided product: 

Physical characteristics are as follows: 
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MS (FAB. high resolution positive ion) m/z 1024.6236 [M+H1+, other ions at m/z 
916. 803, 534. 506. 270. 222. 126. 109. 86. 72 and 59. HPLC retention time = 19.4 
min. TLC (Phosphomolybdic acid) Rf = 0.16 in 6% (4M NHj/MeOID/CHCIa. 
HIV-1 Protease (Kj, nM): 8.9. 
5 PREPARATION 171 S-fCHjOiqiaCHjOJjJ.l-Noa. 

A. A mixture of pentaethylene glycol (0.21 ml; Aldrich) in 1.6 ml of hexane (the 
glycol) does not dissolve in this solyeilt and gives a two phase mixture) is treated with 0.40 ml 
of dihydropyran (Aldrich) and then with 22 mg of aluminum sulfate impregnated sHica gel (3 
mmoL aluminum sul&te/gsUica gel) catalyst Hiis mixture is stirred under a nitrogen 
10 atmosphere for 1.5 h and then fdtered through a simered glass filter funnel, washing the 
collected solids with ethyl acetate. TTie combined filtrates are concentrated under reduced 
pressure to give a colorless oil. This material is chromatographed over 50 g of silica gel (63- 
200/1), eluting with 5 % MeOH/CHCIj and collecting 8 ml fractions. Fractions 24-31 are 
combined and concentrated to give the bis-tetrahydropyranyl adduct. 
15 Physical characteristics are as follows: 

»H NMR (CDCI3) 5 4.64, 3.90-3.82, 3.70-3.50. 1.93-1.46. TLC (Sulfuric acid) Rf = 
0.68 in 10% MeOH/CHClj. 

Fractions 42-140 afford the pure desired compound CrHP0(CH2CH2O)5H), 
Physical diaracteristics are as follows: 
20 1h NMR (CDCI3) 6 4.64. 3.90-3.82, 3.70-3.50. 2.78. 1.93-1.46. TLC (Sulfuric acid) 

Rf = 0.30 (elongated spot) in 10% MeOH/CHClj. [The column was stripped with 
ethyl acetate and this wash afforded some additional desired product along witii 
unreacted glycol]. 

B. A 1.1 g mixture of products (no chromatographic sq)aration) from the synthesis 
25 of THPO(CH2CH20)H [i.e. THPO(CH2CH20)H. •raP0(CH2CH20)THP and pentaethylene 
glycol] allin 5 ml of tetrahydrofuran is treated with excess methyl iodide (0.32 ml, Aldrich) 
followed by the portionwise addition of sodium hydride (0.20 g, 60S5 dispersion in nuneral 
oil). The resulting mixture (under a nitrogen atmosphere) is let stir at room temperature for 19 
h and tiien quenched with saturated aqueous ammonium chloride. This mixture is extracted 
30 with ethyl acetate (5x) and the combined organic extracts are dried (magnesium chloride), 
filtered, aiid concentrated under reduced pressure to give the crude product mixture 
CraP0(CH2CH2O)THP. THPO(CH2CH20)5CH3 and CH30[CH2CH20]5CH3 as a yellow oU. 
Hiis material is combined with another lot of similarly pr^ared material and is'iised in the next 
experiment without purification or characterization. 
35 C. A 7.0 g sample of the product mucture from the previous experiment is 

dissolved in 8 ml of tetrahydrofuran^ This solution is treated with 1 ml of water and I ml of 1 
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N hydrochloric acid. The resulting solution is allowed to stir at room temperature for 2 h and 
then an additional 1 ml of water is added. Sturing is continued for 18 h at which time TLC 
analysis Indicates only partial hydrolysis. Two additional ml of 1 N hydrochloric acid is added 
along with 5 ml of methanol. This solution is then heated to 60-65**C for 4.5 h. The orange 
S colored solution is allowed to cool to loom temperature and then neutralized to pH 7 by the 
dropwlse addition of saturated aqueous sodium bicarbonate. This mbcture is concentrated under 
reduced pressure to give an orange colored oil. Tliis material is flash chromatographed on a 
silica gel (40-63/i) column (35 mm OD x 40 cm), -eluting with 50% acetone/hexane and 
collecting 140 ml fractions. Fraction 6-12 are combined and concentrated to give 1.52 g of 
10 pure monomethyl ether HO(CH2CH20)5CH3. 

Physical characteristics are as follows: 

NMR (CDCI3) S 3.75-3.53, 3.38, 2.81; MS (EI) m/z 253 [M]+<weak), 133, 103, 
89. 59, and 45. TLC (Sulfuric acid) Rf = 0.23 (elongated spot) in 50% 
acetone/hexane [this material gives only a very feint spot under these TLC conditions]. 
15 D. A solution of 1 .52 g of HO(CH2CH20)5CH3 in 5 ml of pyridine is placed 

under a nitrogen atmosphere and cooled to O'C. ITiis solution is then treated in one portion 
with 1.40 g of 7?-toluenesuIfonyl chloride and the resulting solution is stirred at 0**C for 2.5 h 
(after about 30 min a milky suspension had formed). This mixture is poured into a cold Oce 
bath) solution of 5 ml concentrated hydrochloric acid and 15 ml of water and then extracted 
20 with ethyl acetate (3x). The combined organic extracts are washed with water (4x) with the pH 
of the final wash being adjusted to 7 by the addition of saturated aqueous sodium bicarbonate. 
The organic phase is dried (magnesium sulfate), filtered and concentrated to give the crude 
product CrSO(CH2CH20)5CH3) as an orange colored oil. 
Physical characteristics are as follows: 
25 % NMR (CDQj) 5 7.80, 7.34, 4.204.14. 3.73-3.53, 3.38. 2,45. TLC 

(Phosphomolybdic acid) 'Sf ~ 0.55 in 50% acetone/hexane. This material was used 
directly in the next experiment without purification. 
E. A solution of 1 .02 g of CH30[CH2CH20]5Ts and 0.38 g of 1 ,5- 
dihydroxynaphtfaalene (Aldrich) all in 20 ml of dimeCfaylfonnamide is treated portionwise ^na a 
30 spatula with 0.21 g of sodium hydride (60% dispersion in mineral oil) (Aldrich) over 10 min 
while purging the system with nitrogen. The resulting mixture Is heated to SQ^'C and stirred 
for 1.5 h. Methyl bromoacetate (0.45 inl) is then added yda syringe and stirring and heating is 
continued for an additional 1.5 h. The solution is let cool and the reaction is quenched by the 
addition of saturated aqueous ammonium chloride. This mixture is diluted with methanol and 
35 then concentrated under reduced pressure (first under house vacuum to remove methanol and 
then with a vacuum pump to remove dimethylformanude) to give a greenish colored solid. 
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This material is diluted with ethyl acetate and washed with water 2 x 50 ml). The aqueous 
washes are back-extracted with ethyl acetate and the combined organic extracts are dried 
(magnesium sulfate), filtered and concentrated to give 1.2 g of crude produa mixture as a 
brown colored oil. This material is chromatographed over 50 g of silica gd (63-200^), elutmg 
5 with 25% acetone/hexane and colle^ng 9 ml fractions. Fractions 38-60 are combined and 
concentrated to give 406 mg of slightly impure product. This material is subjected to a similar 
chromatographic sequence (5 ml fractibn, 2% methanol/chloroform). Fractions 16-18 afford 98 
mg of product contaminated with another unidentified component while flections 19-23 afford 
228 mg of pure S-ICHjOrCHjCHjOJsJ-l-Noa,' Methyl Ester. 
10 Physical characteristics are as follows; • 

1h NMR (CDCI3) S 7.94, 7.93, 7.40. 7.35, 6.87, 6.74, 4.82, 4,33-4.25. 4.03-3.95. 

3.83, 3.85-3.76, 3.72-3.59. 3.56-3.50, 3.37; TLC (UV) R/ = 0.46 in 3% 

methanol/chloroform. 

F. A solution of 228 mg of 5-[CH30[CH2CH20]5l-l-Noa, methyl ester in 3.5 ml 
15 of methanol, 1 ml of water and 1 ml of 1.00 N sodium hydroxide is let stir at room 

temperature for 20 h. The reaction is neutralized with 0.1 N hydrochloric acid solution, diluted 
with methanol and then concentrated under reduced pressure to give the crude titled produa as 
a dark brown oil. 

Physical characteristics are as follows: 
20 TLC (UV) R/ = 0.00 m 3% methanol/chloroform. This material was used as is in 

subsequent experiments without further characterization or purification. 
PREPARATIONS 172-270 AND EXAMPLES 12-21 

Using the chemical procedures, starting materials and reactants described above, or 
methods anlogous thereto, the following additional parent and final compounds of the present 
25 invention are or may be pr^ared: 

(172) Na-[(2S,4S,5S)-5-[N-[2-(3-Pyridinyl)ethenyIcaibonyI]amino]-6-cyclohw^^ 
isopropyl-l-oxohexyl]-N-[2-(2-pyridinylamino)ethyIl-L-isoleucinaniide; or 3Py 
CH=CHCO CVA He NH(CH2)2NH 2Py. 

HR FAB MS [M+H]+ m/z 635.4302. 
30 HIV-1 Protease (Kj. nM): 4. 

(173) Na-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)aminoI-6-cyclohexyl-4-hydroxy-2-^^ 
l-oxohexyl]-N-(2-benzimidazolyImethyl)-L-isoIeucinamide; or 2Py CO CVA He Amb). 
HR FAB MS [M+H] + mA 619.3983. 

HIV-1 Protease (Kj, nM): 2. 
35 (174) Na-[(2S,4S,5S)-5-[N-(2.PyridinylcarbonyI)anwno]-6-cydohexyl-4-hydroxy-2-isopro^^ 
lK)xohexyl]-N-[(2-hydroxy-2-phenyl)ethyI]-L-isoleucinamide; or 2Py CO CVA He Hpa. 
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HR FAB MS [M+H]-*- w/£ 609,4003. 
HIV-1 Protease (Kj, nM): 8.1. 

(175) Na-[pS,4S,5S)-54N-[2-^-Pyridmyl)ethenyIcarbonyI]amino]-^ 
isopropyl-lH)xohexyl]-N'^"benamidazolylmethyl)-L"isoIeucinanude; or 3Py 

5 CH=CHCOCVAIle Amb. ' 

HR FAB MS [M+H]+7wA 645.4138. 
HIV-1 Protease (Kj, nM): <10. 

(176) N-[(2S,4S,5S)-5-[N-[2-(3-PyridinyI)ethenyIcarbonyI]amino^ 
isopropyI-lK)xohexylI-N-[(lS,2R>-2-hydrox3r-l-mdanyl]amme; or 3Py CH=CHCO 

10 CVAAhL 

HR FAB MS [M+H]+ m/z 534.3312. 
HIV-1 Protease (Kj. nM): 1, r 

(177) Na-[(2S,4S,5S)-5-[N4(4-Pyridinyl)methoxycarbonylIainino]-6-cyclohexyI-4-hy^ 
isopropyI-l-oxohexyI]-N-(2-beDzimidazolylmethyI)-L-isoleucinamide; or 4Poc CVA He 

15 Amb. 

HR FAB MS [M+H]+ m/z 649.4087. 
HIV-1 Protease (Kj, nM): 28,3. 

(178) Na-[(2S,4S,5S)-5-[N-(2-PyridinylcarbonyI)ainino]-^yclohexyI-4-hydroxy^^^^ 
l-oxohexyl]-N-[4-[(3-nitro-2-pyridinyl)anuno]-2-butenyl]-L-isoIeucinam or 2Py CO 

20 CVAHeNpb. 

HR FAB MS [M+HI+ 680,4135. 
HIV-1 Protease (Kj, nM); 12. 
(Example 12) (Na-[(2S,4S,5S)-5-[N-C2-PyridinyIcarbonyl)aniino]-6-cycIohexyI-^^ 
phosphoryI)-2-isopropyl-l-oxohexyII-N-(2-benzimidazoIylniethyl)-L- 
25 Isoleucinaniide, trifluoroacetic acid salt; or 2Py CO CVP He Amb. 

HR FAB MS [M+H]+ m/z 699,3654. 
HIV-1 Protease (Kj, nM): 567. 

(179) Na-[pS,4S,5S)-5-[N-[(2-PyridinyI)methoxycarbonyl]amino]-6-cyclohexyI-4-hydr^^ 
isopropyl-lK)xohexylI-N-(2-benzinudazoIyImethyl)-I>isoleucm^ or 2Poc CVA He 

30 Amb, 

HR FAB MS [M+H] + mk 649.4100. 
CV-1 Assay (% Inhibition): 87% at 1.0 ;iM. 

(180) Nof-[^,4S,5S)-5-[N-C2-Pyridinylcarbonyl)amino]-6-cyclohexyl-^^ 
l-oxohexyl]rN-[2-[(3-nitro-2-pyrldinyl)amino]ethyI]-L-isoleucinamide or 2Py CO CVA 

35 IleNpe. 

HR FAB MS [M+HJ+ m/z 654.3999. 
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HIV-I Protease (Kj, nM): <5. 

(181) Na^(2S,4S.5S>5-IN-a-Py^dinylcaibonyI)ammo]-6-cydohexyl-4-hydroxy-2-isopro^^^ 

lK)xohexyIJ-N-[2-[(3-anunoK2-pyridinyI)amino]ethyl]-I^isoIeucinamide; or 2Py CO 
CVA He Ape. 

5 HR FAB MS [M+H] + j624.4245. 

HIV-1 Protease (Kj, nM): 12. 

(182) N-I(2S,4S,5S)-5-[N-(2-Pyridinj!lcarbonyl)ainino]-€-cydohexyl4-hydn)xy-2-i^^ 
oxohexyl]-N-[4-I(3-nitro-2-pyridmyl)amino]-2-butenylJainine; or 2Py CO CVA Npb. 
HR FAB MS [M+H] + mk 567.3333. " 

10 HIV-l Protease (Kj, nM): >250. . • 

(Example 13) N-[(2S.4S,5S)-5-[N-I2-(3-Pyridmyl)ethenylcarbonyI]anuno]-6^7clohexyl-KO- 
phosphoryJ)-2-faopropyl-l^)xohexyI]-N-[(lS,2R)-2-hydn)xy-l-indanyl]aminc;or 
3Py CH=CHCO CVP Ahi. 

HR FAB MS [M+Na] + nUz 636.3001. 
15 HIV-1 Protease (Kj, nM): >200. 

(183) N-[(2S,4S,5S)-5-[N-[(3-Pyridinyl)methyoxycarbonyI]amino]-6-cycIohexyI-4-hydroxy-2- 
isopropyI-l-oxohexyl]-N-((lS,2R)-2-hydrDxy-l-indanyI]amine; or 3Poc CVA Ahi. 
HR FAB MS [M+H] + 538.3304. 
HIV-1 Protease (Kj, nM): < 10. 

20 (184) 2-[(2-phenoxy)ethoxy]benzoyl-5S-amino-6^cIohexyl-3R,4R-dIhydroxy-2R-isopropyl- 
hexanoyI-L-isoleucyl-2-aniinomethyIpyridine; or Peb-CVD-IIe-Amp. 
HR FAB MS [M+HJ+ mh. 731.4375. 
HIV-1 Protease (Kj, nM): 52.6. 

(185) 2-[CZ-phenoxy)ethoxy]ben2oyl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyI- 
25 hexanoyl-L-isoleucyl-2-aniinomediyIben2!midazole; or Peb-CVD-Ile-Amb. 

HR FAB MS [M+H]+ mk 770.4512 
HIV-1 Protease (Ki, nM): 8.1. 

(1 86) 2-[(2-phenoxy)ethoxy)benzoyl-5S-ainlno-6K:yclohexyI-3R.4R-dihydroxy-2R-isopropyI- . 
hexanoyl-L-isoleucyl-terf-butylmethylamlne; or Peb-CVD-IIe-Ttna. 

30 HR FAB MS [M+HJ+myfe 710.4750. 

HIV-1 Protease CKj, nM): 8iO. 

(187) 2-((2-phenoxy)ethoxy)benzoyi-5S-araino-€-cyclohexyI-3R,4R-dihydi<)xy-2R-isopropyI- 
bexanoyl-2-aminomethylbenz!niidazoIe; or Peb-CVD-Amb. 

HR FAB MS [M+H] + m/z 597.3939. 
35 CV-1 Assay (% Inhibition): 71.0% at 10.0 /tM. 

(188) 4-methyl-2-[(2-phenoxy)ethoxy]benzoyl-5S-amino-6-cyclohexyI-3R,4R-dihydroxy-2R- 
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isopropyl"hexanoyl-L-isoleucyl-2"anunomethyIben2imidazole; or Mpb-CVD-Ile-Amb. 
HR FAB MS [M+H]+ rrUz 784.4461. 
HIV-1 Protease (Kj, nM): 48. 

(189) 2-[(phenylthio)methoxy]benzoyl-5S-ammc)-6-cydohexyl-3R,4RK^ 

S hexanoyl-L-isoleucyl-2-ammomethylbenzimida2oIe; or Ptb-CVD-He-Ainb. 

HR FAB MS [M+H]+ wyfe 772|4156. 
HIV-1 Protease (Kj, nKQ: 5.5. 

(190) 3-[C2-phenoxy)ethoxy]propionyl-5S-ammo-6-cyclohexyl-3R,4R-da^ 
hexanoyl-L-isoleucyl-2-aminomethylbenzimlda2oIe; or Pep-CVD-Ile-Amb. 

10 HR FAB MS [M+H] + miz 722.4510. * 

HIV-1 Protease (Kj, nM): 4. 

(191) 2-[2-(2-(2-methoxy)ethoxy)ethoxy)ethoxy]ben2oyI-5S-amino-6-cyclohexyI-3R,4R- 
dihydroxy-2R-isopropyI^exanoyl-L-isoIeucyl-2-aininomethyIben2imidazole; or Mee- 
CVD-IIe-Amb. 

15 HR FAB MS [M+H]+ mtz 796.4871. 

HIV-1 Protease (Kj, nM): 10.5, 

(192) 2-[(2-methoxy)edioxy]ben2oyl-5S-amino-6-cyclohexyI-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-L-isoleucyl-2-aminoinethylbeiizimida2ole; or Meb-CVD-Ile-Ainb. 

HIV-1 Protease (Kj, nM): 89. 
20 (193) 2-[2-(2-methoxy)ethoxy)ethoxy]benzoyI-5S-amino-6-cyclohexyI-3R,4R-dihydroxy-2R- 
isopropyl-hexanoyl-L-isoIeucyl-2-aminomethylbenzimldazole; or Mtb-CVD-Ile-Amb. 
HR FAB MS [M+H]+ mlz 752.4613. 
HIV-1 Protease (Kj, nM): 4.5. 
(Example 14) l-naphthoxyacetyl-0-phosphoryI-L-seryI-5S-amino-6-cyclohexyMS-hydroxy-2S- 
25 isopropyl-hexanoyI-L-isoIeucyI-2-aimnomethyIpyridme, dipotassium salt; or 

Noa-0-P03K2-Ser-CVA-Ile-Amp. 
HR FAB MS [M+H]+ mlz 902.3472. 
HIV-1 Protease (Kj, nM): 41. 

(194) /OT-butyloxycarbonyI-5S-amlno-6-cycIohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
30 threonyl-2-aminoinethylpyridinb; or Boc-CVA-Thr-Amp. 

HR FAB MS [M+H]+ 563.3828. 
HIV-1 Protease (Kj, nM): 120. 

(195) ftfrt-butyIoxycarbonyI-5S-anuno-6H:yclohexyl-4S-hydroxy-2S-isopropyl-hexanoyI-L- 
seryl-2-aminomethylpyrldine; or Boc-CVA-Ser-Amp. 

35 HR FAB MS [M+H] + mlz 549.3671. 
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HIV-1 Protease (Kj. nM): 120. 

(196) l-naphthoxyacetyl-I^histidyl-5S-amino^ycIohexyMS-hydro^^ 
L-threonyI-2-aininomethylpyridine; or Noa-His-CVA-Thr-Amp. 
HR FAB MS [M+H1+ m/z 784.4389. 

5 HIV-1 Protease (Kj, nM): <5. 

(197) 2-acetoxybenzoyl-5S-ainin(>-6-cydohexyMS^iydroxy-^^ 
isoleucyI-2-aminomethylpyridint; or Acb-CVA-Ile-Amp. 

HR FAB MS [M+H]+ m/z 637.3934. . 
HIV-1 Protease (Kj, nM): 12,1. • ' 
10 (198) l-naphthoxyacetyI-L-valyl-5S-ammo-€i:ycIohexyMS-hydroxy-2S-^ 
seryI-2-aminomethylpyridiiie; or Noa-Val-CVA-Ser-Amp. 
HR FAB MS [M+H]+ mh 732,4320. 
HIV-1 Protease (Kj, nM): 8.1. 

(199) l-naphthoxyacetyl-L-valyl-5S-amino-6-cycIohexyMS-hydroxy-2S-isopropyI-h 
15 threonyI-2-aminomethyIpyridine; or Noa-Val-CVA-Thr-Amp. 

HR FAB MS [M+H] + m/z 746.4491 , 
HIV-1 Protease (Kj, nM): 10. 

(200) l-naphthoxyacetyl-L-threonyl-5S-aimno-6<yclohexyMS-hydroxy-2S-isopropyI^ 
hexanoyI-L-isoleucyI-2-aminomethyIpyridine; or Noa-Thr-CVA-Ile-Ainp, 

20 HR FAB MS [M+H] + m/z 760.4661. 

HIV-1 Protease (Kj, nM): <10. 

(201) l-naphthoxyacetyI-L-seryI-5STamino-6-cycIohexyWS-hydroxy-2S-isopropyl^ 
isoleucyl-2-aminomethylpyridine; or Noa-Ser-CVA-IIe-Amp. 

HR FAB MS [M+H1+ mA 746.4519. 
25 HIV-1 Protease (Kj, nM): <10. 

(202) 2-hydroxyben20yl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyI-L- 
isoIcucyl-2-ammomethyIpyridine; or Hyb-CVA-Ile-Amp. 

HR FAB MS rM+H]+ m/z 595.3830. 

HIV-1 Protease (Ki. nM): 158. 
30 (203) methoxycarbonyI-Di)rolyl-5S-amino-6<ycIohexyI-4S-hydroxy-2S-isopr^^^ 

isoleucyl-2-aminomethylpyridine; or Moc-D-Pro-CVA-Ile-Amp, 

HR FAB MS [M+H]+ mk 630.4219. 

HIV-1 Protease (Kj, nM): 89. 
(204) /m-butyloxycarbqnyl-L-prolyI-5S-anuno-<SKyclohexyMS-h 
35 hexanoyI-L-isoleucyI-2-aininomethyIpyridine; or Boc-Pro-CVA-lIe-Amp. 
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HR FAB MS [M+HJ+ 672.4727, 
HIV-1 Protease (Kj. nM): 73. 
(205) methoxycarbonyl-]>prolyl-5S-amino-6-cyclohexyMS*ydroxy-2S-isopropyl-hexanoyl^ 
isoleucyl-2-aminomethylpyridme; or Moc-Pro-CVA-Ile-Ainp, 
5 HR FAB MS [M+H] + mh d30.4219. 

HIV-1 Protease (Kj, nM): 308.| 
P06) Acetyl-L-prolyl-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-l^^^ 
2-aminomethylpyridine; or Ac-Pro-CVA-De-Amp. 
HR FAB MS [M+H] + /nA 614.4289. 
10 HIV-1 Protease (Kj, nM): 146. 

(207) l-naphthoxyacetyI-L-histidyl-5S-amino-6-cycIohexyI-4S-hydroxy-2S^^ 
lS-amino-2R-hydroxy-indane; or Noa-His-CVA-Ahi. 
HR FAB MS [M+H]-** m/z 724.4110. 
HIV-1 Protease (Kj. nM): 40. ^ 
15 (208) l-naphthoxyacetyl-L-histidyl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-lS-amino-2R-hydroxy-mdane; or Noa-His-CVD-AhL 
HR FAB MS [M+H] + mit 740.4029. 
HIV-1 Protease (Kj, nM): 14.2. 

(209) l-naphthoxyacetyl-L-threonyl-5S-amino-^cyclohexyl-3R,4R-dihydroxy-2R-isopropyI- 
20 hexanoyI-L-isoleucyl-2-anilnomethylbenzinudazole; or Noa-Thr-CVD-Ile-Arab. 

HR FAB MS [M+H]"*- mtt 815.4704. 
HIV-1 Protease (Kj, nM): <5. 

(210) l-naphthoxyacetyl-I^seryl-5S-amino-6-cydohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-L-isoleucyl-2-aminomethylbenzimidazole; or Noa-Ser-CVD-He-Amb. 

25 HR FAB MS [M+H] + mk 801.4573. 

HIV-1 Protease (Kj, nM): 28.9. 

(21 1) l-naphthoxyacetyl-L-honioseryl-5S-amino-6-cycIohexyMS-hydroxy-2S-isopropyI- 
hexanoyI-L-isoleucyl-2-arainomethylpyridine; or Noa-Hsr-CVA-Ile-Amp. 

- HR FAB MS [M+H]+mA 760.4661. 

30 Hiy-1 Protease (Kj. nM): 15. 

(212) l-naphthoxyacetyI-I^threonyl-5S-amino-6-<ydohexyl-3R,4R-dniydroxy-2R-is 
hexanoyI-lS-anuno-2R*hydroxy-indane; or Noa-TTir-CVD-Ahi, 

HR FAB MS [M+H]+ mft 704.3913. 
CV-1 Assay (% Inhibition): 78.0% at 1.0 /iM. 
35 (213) l-naphthoxyacetyl-L-seryl-5S-amino-6-cycIohexyl-3R,4R-dihydroxy-2R-isopropyI- 
hexanoyI-lS-amino-2R-hydroxy-indane; or Noa-Ser-CVD-Ahi. 
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HR FAB MS [M+HJ+ mh 690.3778. 
HIV-1 Protease (Kj, nM): 30. 

(214) l-naphthoxyacetyl-I^Jstidyl.5S-anilno-6s7dohexyI-3R.4R.dft^^^ 
hexanoyl-lS-anilno-2R-hydn)xy-indane; or Noa-His-CVD-Ahi. 

5 HR FAB MS [M+H]+ «^ 740.4029. 

(215) 4-moiphoImecarbonyl-I^valyl-5S-amino-6<ycIohexyI-4S-hydroxy-2S-fe^^ 
hexanoyl-L-isoleucyl-2-aimnoiliethyipyridine; or Morph-Val-CVA-ne-Amp. 
HR FAB MS [M+HJ+wA 686.4731. 

HIV-1 Protease (Kj, nM): 11.3. * 

10 (216) acetyl-I^valyl-5S-ainino-6<ydohexyMS.hydroxy-2S-isopropyI-hexaiK)yl-L^^^ 
aminomethylpyridine; or Acetyl-Val-CVA-Ile-Amp. 
HR FAB MS [M+H] + /n>fe 615.4359. 
CV-1 Assay {% Inhibition): 72.0% at 1.0 /tM. 

(217) l-napiithoxyacetyl-hPmethyl-L-histidyl-5S-amino-6-cycIohexyI-4S-ljydroxy-2S- 

15 isopropyl^exanoyl-L-isoleucyI-2-aminometliylpyridine.- or Noa-N«methyI-His-CVA-ne- 

Amp. 

HR FAB MS [M+H] + m/z 809.4840. 

CV-1 Assay (% Inhibition): 60.0% at 1.0 /tM. 

(218) 3-(4-hydroxyphenyl>butyryl-L-histidyl-5S-ainino-6-cycIohexyl-4S-hydroxy-2S- 
20 isopropyl-hexanoyl-L-isoleucyl-2-aininoniethylpyridine; or Dat-His-CVA-IIe-Amp. 

HR FAB MS [M-mi+ «/z 759.4683. 
HIV-1 Protease (Kj, nM): < 10. 

(219) 5-OH-l-naphthoxyacetyl-L^iistidyI-5S-amino^-cyclohexyI-4S-hydroxy-2S-isopropyl- 
hexanoyl-L-isoleucyl-2-aminoniethyIpyridine: or 5-OH-NOA-His-CVA-He-Anip. 

25 HR FAB MS [M+H1+ fliA 811.4632. 

CV-1 Assay (% Inhibition): 53.0% at 1.0 /tM. 

P20) 2-[(2-phenoxy)ethoxylbenzoyl-5S-ainino-6-cycIohexyMS-hydroxy-2S-isopropyl- 
hexanoyI-L-isoleu(^I-2-aminomethylbenzimidazoIe; or Peb-CVA-IIe-Amb. 
HR FAB MS [M+HJ+ 754.4543. 
30 HIV-1 Protease (Kj, nM): 20.2. 

(221) 3-(4^ydroxyphenyI)-butyryl-L.vaIyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyl-L-isoleuqfI-2-amiiiomethylbenzinudazole; or Dat-Val-CVA-Ile-Amb. 
HR FAB MS [M+H]+ nUz 760.4887. 
HIV-1 Protease (Kj, nM): 40.5. 

35 ^22) liyd«>xyacetyl-5S-aniino-6-cycIohexyl-4S*ydroxy-2S-isopropyl-hexanoyI-L-lsoIeucyl-2- 
aminomethylbenziraidazole; or Hydroxyacetyl-CVA-Ile-Amb. 
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HR FAB MS [M+H]+ 571.3733. 
HIV-1 Protease (Kj, nM): 11.7. 

(223) 2-hydroxy-3-metbyIbutryl-5S-ainino-6-cyclohexyl-4S-hydroxy-2S-k^ 
holeucyl-2-aininomethyIbenzimidazple; or Hmb-CVA-Ile-Amb (less polar isomer). 

5 HRFABMS[M+H]+OT/S:6li.4203. 
HIV-1 Protease (Kj, nM): 70. | 

(224) 2-hydroxy-3-methyIbutryl-5S-amino-6-<yclohexyl-4S-hydroxy-2S-k^ 
isoleucyI-2-aininomethylberminidazole;.or Hmb-CVA-IIe-Amb (more polar isomer). 
HR FAB MS [M+H]+ wyi 613.4203. 

10 HIV-1 Protease (Kj, nM): 34. 

(125) 3-(4-hydroxyphenyl)-butyryI-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isopropyI-hexM^ 

L-isoleucyl-2-aminomethylpyridine; or Dat-CVA-Ile-Amp. 

HR FAB MS [M+H]"** m/i 622,4094. 

HIV-1 Protease (Ki, nM): 22.3. 
15 (226) 4-hydroxyphenyIacetyI-5S-amino-6-cyclohexyMS-hydroxy-2S-isopropyl-hexanoyl-L- 

isoIeucyl-2-aminomethyIbenzimidazole; or 4-Hpa-CVA-IIe-Amb. 

HR FAB MS [M+H] + m/z 647.4046. 

HIV-1 Protease (Kj, nM): <10. 

(227) 2-hydroxyphenylacetyI-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
20 isoleucyl-2-aminomethyIben2imidazoIe; or 2-Hpa-CVA-IIe-Amb. 

HR FAB MS [M-(-H]+ m/z 647.4046. 
HIV-1 Protease (Kj, nM): 8.1. 

(228) 3-hydroxyphenylacetyl-5S-amino-6-cyclohexyI-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
isoleucyI-2-aminomethylben2imidazole; or 3-Hpa-CVA-IIe-Amb. 

25 HR FAB MS [M+H]'*' myfe 647.4046. 

HIV-1 Protease (Kj, nM): <10. 

(229) 3-(4-hydroxyphenyl)-butyryI-5S-amino-6-cycIohexyI-4S-hydroxy-2S-isopropyI-hexanoyI- 
L-isoIeucyl-2-aminomethyIbenzimidazole; or Dat-CVA-He-Amb. 

HR FAB MS [M+H] 661.4203. 
30 HIV-lProtease (Ki. nM): 4. 

(230) 3-(4-hydroxyphenyl)-butyryI-5S-amino-6-cydohexyl-3R,4R-dihydroxy-2R-isopro^ 
hexanoyl-lS-ammo-2R-hydroxy-indane; or Dat-CVD-Ahi. 

HR FAB MS [M+H]+ 665,4040. 

(231) l-naphthylenyloxyacetyI-L-asparaginyl-5S'-amino-6<ycIohexyl-4Shydroxy-2^^^^ 
35 hexanoyl-L-isoIeucinyl-2-aminomethyIpyridine; or Noa-Asn-CVA-De-Amp. 
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C43H6of^07[M+H]+ = 773. 
HIV-1 Protease (Kj, nM): 4. 

(232) ((5K3A9-trioxaHlec-l-yI)oxy)naphtbaIen-l-yl)oxyacetyI-L-asparaginyI.55-m^ 
cyclohexyl-4S-hydroxy-^2J-isopropyl-hexanoyl-L-isoIeucinyI-2-a^ o 

5 5-Trieg-Noa-Asn-CVA-Ile-Apip. 

C5oH74l^Oij [M+HJ+ = 935.5476. 
mv-l Protease (Kj, nM): 32.4. 

(233) ((4-(3,6,9-trioxa-dec-l-yl)oxy)iiaphthaIen-l-yl)oxyacetyl-L-asparaginyI-55-ainino^ 
cydohexyI-4S'-hydroxy-2S.isopropyl4exanoyl-L-isoIeucinyI-2-aininometh^^ oi 

10 4-Trieg-Noa-Asn-CVA-De-Amp. 

C50H74r^Oii [M+HJ+ = 935.5494. 
HIV-1 Protease (Kj, nM): 14.2. 

(234) l-naphthalenyloxyacetyl-L-vaImyl-55-amino-6<ycIohexyM5'-hydroxy2^-isopropyl- 
hexanoyI-L-isoIeucinyl-2-aininomelhylpyridine; or Noa-Val-CVA-IIe-Amp. 

15 C44H63N5O6 [M+H]+ = 758.4839. 

CV-1 Assay (% Inhibition): 93.0% at lO.O /tM. 

(235) ((5-(3,6,9-trioxa-dec-l-yI)oxy)naphthalen-I-yl)oxyacetyl-L-asparaginyl-55-amino-6- 

cyclohexyl-45*ydroxy-25-hopropyl-hexanoyI-L-isoIeucinyl-2-aminomethylpyridine:or 
5-Trieg-Noa-His-CVA-Ile-Amp. 

20 C52H75N7O10 IM+H1+ = 958.5629. 

HIV-1 Protease (Ki, nM): 6.3. 

(236) ((5-(3,6,9-trioxa-dec-l-yI)oxy)naphthalen-I-yl)oxyacetyI-L-asparaginyI-55-amino-6- 
cyclohexyI-45^iydroxy-25-lsopn)pyl-hexanoyl-I^isoleucinyl-2-aminoinethyIpyridine; or 
4-Trieg-Noa.His-CVA-Ile-Amp. 

25 C52H75N70io[M+H]+ = 958.5653. 

mv-l Protease (Kj, nM): 6.7. 

Q37) ((5-(3,6,9-trioxa-dec-l-yl)oxy)naphdial-l-yl)oxyacetyliL-valinyI.5S'amino-6-cyclohexyl- 
4S-hydroxy-2J'-isopropyl-hexanoyI-L-isoleucinyl-2aininomethyIpyrldine; or 5-Trieg-Noa- 
Val-CVA-nfr^Amp. 

30 CS1H77NSO10 [M+HJ+ = 920.5748. 

HIV-1 Protease CKj, nM): 4Q. 
(238) ((4-(3,6,9-trioxa-dec-l-yl)oxy)iiaphthaIen-l-yl)oxyacetyl-L-vaIinyI55-ainino^ - 

<7clohexyI-45-hydroxy-25'-isopn)pyI-hexanoyl-L-lsoIeucinyl-2-aminomethylpyridine;^ 
4-Trieg-Noa-Val-CVA-ne-Amp. 
35 C5iH77N50io [M+H] + = 920.5749. 
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HIV-1 Protease (Kj, nM): <10. 
(239) ((5-(3,6,942J5-pentaoxa-hexadec-l-yI)oxy)naphthalen-lyI)oxyacetyI-L-h 
amino-6-cycIohexyl-45-hydroxy-25isopropyl-hexanoyl-I^isoleucm^^ 
aminomethylpyridine; or 5-Pentaeg-Noa-His-CVA-Ile-Ainp. 
.5 C55H83N7Oi2[M+H]+-<I046. 

HIV-1 Protease (Kj, nM): IO.f 
^40) ((5-(3,6.9, 12, 15. 18-hexaoxa-nonadec-l-yI)oxy)naphthalen-lyl)oxyacetyI-L-histidmyl-55^^ 
ainino-6-cydohexyI-4J-hydroxy-2ii$opropyI-hexanbyl-L-isoIeucmyl^ 
aminomethylpyridine; or 5-Hexaeg-Noa-His-CVA-Ile-Amp. 
10 CsgHgyNyOij [M+HJ+ = 1090.6438. 

HIV-1 Protease (Ki. nM): 12. 
(241) ((5-p,6,9,12,15-pentaoxa4iexadec-l-yI)oxy)naphthaIen-lyl)oxyacetyl-L-histidinyl^ 
amino-6-cyclohexyI-3/?,4;f-dihydroxy-2/?isopropyl-hexanoyl-L-isoleucinyl-^^ 
aminomethylpyridine; or S-Pentaeg-Noa-His-CIVD-Ile-Amp. 
^5 C55H83N7OJ3 IM+H]+ ^ 1062.6082. 

HIV-1 Protease (Kj, nM): 7.7. 
C242) 2-((3-(4-(3,6,9-trioxadec-l-yIoxy)phenyI)prop-l-yI)oxy)ben2oyI-55'amino-6-cyclohexyI- 
37?,4i?-dihydroxy-2/?-isopropyl-hexanoyl-L-isoIeucinyI-2-aminoraethyIpyridine. 
C50H74N4O10 [M+H]+ = 891.5507. 
20 HIV-1 Protease (Kj, nM): 142, 

(243) ((5<8-amino-3,6-dioxa-oct-I-yI)oxy)naphthalen-l-yI)oxyacetyI-L-valinyl-5S'- 
cycIohexyI-3i?,4i?-dihydroxy-2/?-isopropylhexanoyI-L-isoleucinyI-2- 
aminomethylpyridine. 

[M+H]+ = 921.5695. 
25 CV-1 Assay (% Inhibition): 80.0% at 1.0 pM. 

(244) ((5-(8-trimethylamm!nyI-3,6K!ioxa-oct-l-yI)oxy)naphthaIen-lyl)oxyacetyI-L-val 
amino-6-cyclohexyI-3ff,4^-dihydroxy-2RisopropyI-hexanoyl-L-isole^ 
aminomethylpyridine Iodide. 

C53H83liNgOio [M-I]+ =r 963.6188. 
30 HIV-1 Protease (Kj, nM): < 10. 

(245) ((5-(3,6,9, 12, 15-pentaoxa-hexadec-l-yI)oxy)naphthaIen-lyl)oxyacetyl-L-vaIinyl-5J- 
amino-6-cycIohexyI-3i?,4iJ-dihydroxy-2/?isopropyI-hexan^^^^ 
hydroxy-indane; or 5-PentaegNoa-VaI-CVD-IIe-Ahi. 

^SZ^lZ^S^iS rM+H]+ = 952.5532. 
35 (146) naphthaIene-2-suIfQnyl-I^histidinyl-55-amino-6-cydohexyI-4iShydroxy-2^-i 
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hexanoyI-L-isoleucinyl-2-aminoinethyIpyridine. 
C43H59N7O6S1 rM+H]+ = 802.4320. 
HIV-1 Protease (Kj, nM): 36.4. 

(247) 2-[C2-phenoxy)ethoxy]benzoyI-5^-ainino^dohexyl-3i?.4^Hlihydroxy 
5 hexanoyl-L-isoIeucinyI-l-a^moetbyl(4-metliylthIazole). 

C42H60N4O7S1 [M+H]+ = 765. 
HIV-1 Rrotease (Kj, nM): 6^. 

(248) 2-aK4-methylthiazol-5-yI)ethyl)oxy)bcn2oyI-5y-amln()^cloh 
2/?-isopropyl-hexanoyl-L-isoleucinyl-2aminomethyIpyridine. 

10 C40H57N5O6S1 [M+HJ+ = 736. . • 

HIV-1 Protease (Kj, nM): 9.1. 

(249) 2-(2-(4-methylthia2ol-5-yl)ethyl)thio)b(mzoyl-5J-amino-6cyclohexyN 
2/?-isopropyI-hexanoyl-L-isoleucinyI-2aininomethyIpyridme. 
C40H57N5O5S2 [M+HJ+ = 752. 

15 HIV-1 Protease (Kj, nM): 5.1, 

(250) 2-(2-(4-methylthiazoI-5-yI)ethyl)oxy)ben2oyl-55-ammo-6^:ydohexyl3i?,4/^^ 
2J?-isopropyl-hexanoyl-L-isoIeuciny!-l-amiiioethyI(4methyIthiazole). 
C40H59N5O6S2 [M+HJ+ = 770. 

HIV-1 Protease (Kj, nM): 49.6. 

20 (251) 2-(2-(4-methylthiazol-5-yI)ethyl)thiyl)ben2oyl-5J-amino-6cyclohexyl-3i?//?^ih 
2/?-isopropyl-hexanoyI-L-jsoIeucinyl laininoethyI(4-methyIthlazoIe). 
C40H59N5O5S3 fM+H] + = 786. 
Hrv-l Protease (Kj, nM): 15.7. 

(252) 2-{(4-([3a5'-(3aof.4/?,6aa)]-lff-thieno[3,4^imMa2ol-2(3/0-on-4yl)pent-l- 

25 yOthlo)benzoyl-55-amino-6-cyclohexyl.3^.4/!Klihydroxy.2«isopropyl-hexanoyI-L. 
isoIeacinyl-anuno-2-(4-methyItbiazoI-5yl)etbane. 
C44H68Hs06S3 [M+H]+ = 873. 
HIV-1 Protease (Kj, nM): 4. 

(253) 2-((4-a3a5-<3aof,4i3,6att)H^-thienot3,4^flimidazoI-2(3J3)-on-4yI)penl-l- 

JO y0oxy)ben2»yI-5S'-ammo^cIohexyl-3Jf.4J?-dihydiDxy-2RisopropyI-hexanoyI-L- 
isoleucinyl-2-aminomediyIpyridine. 
C44H66Hi07S, [M+HI+ = 823. 
HIV-1 Protease (Kj, nM): 10.4. 

(254) 4-([3aS'-(C3aa,4/J,6aa)]-m-<hieno[3,4^flimidazolyl)pentanoyl-55amlno-6-cydohex 
5 3/?,4J?-dihydroxy-2R-Bopropyl^exanoyI-I^isoIeucinyI-2-aininomethylpyridme;or 
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Biotinoyl-CVD-De-AMP. 
C37H60N5O5S1 [M+HJ+ = 717. 
HIV-1 Protease (Kj, nM): 443. 
(255) 4-([3aS'-(3aa,4)3,6aa)J-lJr-4hieno[3,4-d]imid^^ 
5 cydohexyl-3/?,4i?-dihydroxy-2ji-isopropyIhexanoyI-]>koIeucinyM^ 
aminomethylpyridine; or Biotinoyl-Val-CVD-lIe-AMP. 
C42H59N7O7S1 [M+H1+ = 816. 
HIV-1 Protease (Kj, nM): <4. 
(156) 4-([3a5'-Paa,4jS,6aa)]-lfl-thieno[3,4-JIimida?olyI)pentanoyl^ 
10 6-cyclohexyl-37f,4/?-^ihydroxy-2/J-isopropyIhexanoyl-I^isoIeucmyW^ 
aminomethylpyridine; or Biotinoyl-Aminohexanoyl-CVD-IIe-AMP. 
C43H7iN707Si [M+H]+ = 830. 
HIV-1 Protease (Kj, nM): 20.2. 

(257) naphthalene-2-suIfonyI-L-vaIinyl-5iy-amino-25-benzyl-3/?,4/?-<lihydroxy7-meA^^ 
15 octanoyl-L-isoleucinyl-2-aininomethylpyridme. 

C43H57N5O7S1 [M+H1+ = 788. . 
HIV-1 Protease (Kj, nM): 4. 

(258) l-naphthyloxyacetyI-L-histidinyl-55-amino-2iS4)en2yl-3/f,47?Kia^^ 
octanoyI-L-isoleucinyI-2-aminoinethyIpyridine; or Noa-His-LFD-De-Ainp. 

20 C4^H57N707 [M+H]+ = 820. 

HIV-1 Protease (Kj, nM): 28. ; 

(259) 2-[(2-phenoxy)ethoxy]benzoyI-55-amino-25'-*enzyI-3/f,4;?-<Iihydroxy-7methylK)c^ 
L-isoleucinyl-2-aminoniethylpyridme; or Pep-LFD-He-Amp. 

C43H54N4O7 [M+H]+ = 739. 
25 HIV-1 Protease (Kj, nM): 186. 

(260) 2-[(2-phenoxy)ethoxy]benzoyl-5iS'-amino-25-benzyl-3/?,4/?Klihydroxy-7methyl^ 
L-isoleucinyI-amino-2-(4-methyltbiazol-5-yI)ethane. 

C42H50N4O7S1 [M+H]+ = 765. 

HIV-l Protease (Kj, nM): 65. 
30 (261) naphthaIene-2-suIfonyl-L-asparaginyl-55-anuno-2y-benzyI-3/t,4fida^^ 

octanoyl-L-isoleucinyl-2-aminomethyIpyridine. 

C42H54l^08Si [M+H1+ = 803. 

HIV-1 Protease (Kj, nM): 40.5 
(262) naphdiaIene-2-sulfonyI-L-vaIinyl-55-amino-2S'-((2-phenyI)eth-I.yl)3/?,4;?^ 
35 methyI-octanoyl-L-!soleucmyl-2am!noinethy]pyridine. 
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C44H59N5O7S1 [M+H]+ = 802. 

CV-1 Assay (% Inhibition): 50.0% at 1.0 ^tM. 

(263) naphthalene.2-sulfonyl-L-leucinyl-5j'-amino-25'-ben2yI-3M^ 
octanoyl-L-isoieucinyl-2-aminomethylpyridine. 

5 C^T^^glisOjSi [M+H]+ j= 802. 

HIV-I Protease (Kj. nM): 10.1. 

(264) 2-[(2-phenoxy)ethoxy]ben2X)yl-^5'-amino-25-ben2yl-3/?,4/?-di^^^ 

L-isoIeucinyl-2-anunome%Ibenzinudazole; or Pep-LTO-IIe-Amb. 
C45H55N5O7 [M+H]+ = 778. * * 

10 HIV-1 Protease (Kj. nM): 40. . • 

(265) 2-((3-(4-(3,6,9-trioxadec-l-yloxy)phenyl)prop-l-yI)oxy)benzoyl.55amino-2J^ 
3;?,4/?-<Iihydroxy-7-niethyl-octanoyl.l^-amino-2/2hydroxy-indane. 
C48H62N2O10 [M+H]+ = 827. 

HIV-1 Protease (Kj, nM): 77. 

15 (266) Nof-[(2S,4S,5S)-5-[N-[2-I2-[2-(2-MeAoxyethoxy)ethoxy]ethoxyJphenyIcarbonyI] aminol- 

6-cyclohexyl-4-hydroxy-2-isopropyl-lK)xohexyl]-N-(2-ben2imida2olyImethyO 
isoleucinamide; or Mee CVA lie Amb. 

HR FAB MS [M+H] + m/z 780.4922. 
HIV-1 Protease (Kj, nM): 8.1. 
20 (Example 15) Nof-[(2S,4S,5S)-5-[N.[2.[2-[22-(2-methoxyethoxy)ethoxy]ethoxy] 

phenyIcarbonyl]-amino-6-cyclohexyI-4-(0-phosphojyl)-2-isopropyI-lK)xohe^^^^ 
N-(2-benziniida2oIyImetfiyl)-L-isoleucinamide; or Mee CVP He Amb. 
(267) (l-naphthoxy)acetyI-L-threonyI-5S-amino-6-cycIohexyl-3R.4R-dihydroxy-2R-iso^ 
hexanoyl-L-isoleucyl-2-aminomclhylpyridine; or Noa-Thr-CVD-IIe-Amp. 
25 (268) ((5-(3,6,9, 12, 15^entaoxa-hexdec-l-yI)oxy)naphthalen-l-yl)oxyacetyI-L-threonyl-5^ 
amino-6-cyclohexyl-3R,4R-<iihydroxy-2R-isopropyI-hexanoyl-L-isoleucyI-2- 
amlnomethylpyridine; or 5-PentaegNoa-Thr-CVD-Ile-Amp. 

(269) ((5-(3,6,9, 12, 15-pentaoxa^exdec-l-yl)oxy)naphthaIen-l-yI)oxyacetyl-L-threonyl-5S- 
amino-6-cydohexyl-3R,4RKlihydroxy-2R-isopropyl-*exanoyI-L-isoleucyl-^^ • 

30 aminomethylbenzimidazole; or S-PentaegNoa-TTir-CVD-Ile-Amb. 

(270) ((5-0,6,9, 12, 15-pentaoxa-hexdec-l-yI)oxy)naphthalen-l-yl)oxyacetyl-L-threonyI-5S- 
amino-6-cyclohexyl-3R,4RKlihydroxy.2R-isopropyI-hexanoyl-IS-ami^ 

indane; or S-PentaegNoa-lTir-CVD-Ahi. 
(Example 16) ((5-(3,6,9,12,15-pentaoxa-hexdec-l-yl)oxy)naphthalen.l-yI)oxyacetyl-0- 
35 phosphoryI-L-threonyI-5S-amino-6-cycIohexyl-3R,4RMlihydroxy-2R-isopropyl- 
hexanoyl-L-isoIeucyI-2-aminomethylpyridine, dipotassium salt; or 5- 
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PenteegNoa-OP03K2-Thr-CVr>-IIe-Ainp. 
(Example 17) ((5-(3,6,9. 12, 15-pentaoxa-hexdec-l-yl)oxy)naphthalcn-l-yl)oxyacetyl-0- 

phosphoryl-L4hreonyl-5S-amino-6-cydohexyI-3R,4R-dihydroxy-2R-isopro^ 
hexanoyl-L-isoleucyI-2-ainiiu5methylbeimmidazole, dipotassium salt; or 5- 
5 PentaegNoa-OP03K2-Thr-CVD-Ile-Amb. 

(Example 18) ((5-(3,6,9.l2,15-pentaox^-hexdec-l-yl)oxy)naphthaIen-l-yI)oxyacetyl-0- 
phosphoryl-L-threonyl-5S-amino-6-cydohexyl-3R,4R-dihydroxy:2R^ 
hexanoyl-lS-amino-2R-hydroxy-ihdaiie, dipotassium salt; or 5-PentaegNoa- 
OPOaKj-Thr-CVD-Ahi, 

10 (Example 19) (l-naphthoxy)acetyl^>t)hosphoryI-L-threonyl-5S-amino-6^ycIohexyI-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyI-L-isoIeucyl-2-aminomethylpyridine, 
dipotassium salt; or Noa-OP03K2-Thr-CVD-Ile-Amp, 
(Example 20) (l-naphthoxy)acetyl-0-phosphoryl-I^threonyI-5S-amino-6-cyclohexyI-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyl-MsoleucyI-2-aminomethyIben2imidazo^ 
15 • dipotassium salt; or Noa-OP03K2-Thr-CVD-IIe-Amb. 

(Example 21) (l-naphthoxy)acetyI-0-phosphoryl-L-threonyl-SS-amino-6-cycIohexyI-3R,4R- 
dihydroxy-2R-isopropyl-liexanoyl-lS-ammo-2R-hydroxy-lndane, dipotassium 
salt; or Noa-OP03K2-Tlir-CVD-Ahi. 
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STOUCTURE CHART (continued) 
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STOUCrURE CHART (continued) 
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STRUCTURE CHART (continued) 
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STRUCTURE CHART (continued) 



10 



15 



20 



25 



30 



I 

M\ (CH0R,2i)v ^ \ 



(R121OCH), (CHOR121), 

(OX jA-Ri23 ^ CH-CCH0Ri20t 

0 / ^0-^1 



CH2- 

XXX • • xxn 



OH 




-CH2-C (CH-0R121), 

I 



XXXII 



428 



(t-2to-r) 

e(«) = B(«) + ; — ; X A (56) Equation 0 



(12.63-2.4-2) 

e(56) = 17 + X 83 Equation U 

20 
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CHARTF 
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OC-CH, 
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CHARTG 
Boe(OTB0MS)CVAOH 



G-1 



PCT/US92/02238 



OH 



Boc(OTBOMS)CVANH «• 




G-2 



O 

II 

OOCHi 



Boc(OTBDMS}CVANH ' 




G-3 



0 

11 

0C-CH3 




O ^(0T80MS)CyANH 




G-4 
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CHART G (continued) 
O 



II 

O OC-CH3 
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CHARTH 




O 



PCT/US92/02238 



-114- 

CHART H (continued) 



NO2 



H-S 



Boc(OTBDMS)CVAIteNH, 



NO, 



H-6 



NO, 




wo 92/17490 



PCr/US92/02238 




wo 92/17490 



PCT/US92/02238 



-117- 
CHARTJ 



PCI, 



J-1 



CH2CH3 
\ CH2CH3 



J-3 
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CHARTL 



Boc-Val-OH 
L-1 



+ H-CVD-Ile-2-ADip 
I 

L-2 



Boc- Val -CVD-Il e-2-Amp. 
L-3 



H-Val-CVD-Ile-2-Amp + S-CCaiaOCCHzCHjOjsJ-l-Noa 
L-4 L-5 



5- [CH30[CH2CH20]5]- 1-Noa-Val -CVD-Ile-2-Amp 
L-6 
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CHART M 



O 



M-1 



O t 

HN NH 



M-2 




M-3 



M4 



OMg M-5 
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CHART N (continued) 
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O 
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1 
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CLAIMS 

1. A compound of the formula I 

Xi-C8-D9-Eio-F,i-Gi2-Z 





wherein Xj is 




5 


a) 


hydrogen, ^ 




b) 


Ci-Cj alkyl. 




c) 


-(CH2)p-aryl. 1 




d) 


-(CH2)p-Het, 




e) 


-(CH2)p-C3-C7cycloaIkyI, " 


10 


f) 


R5-0-(CH2),-C(0)-. 




g) 


R5-CH2-0-C(0)-. 




h) 
i) 


R5-0-C(0>, 
R5-(CH2)n-C(OK 




j) 


R5-(CH2VC(S)-. 


15 


k) 


R4N(R4)-(CH2)n-C(OK 




1) 


R5-S02-(CH2)q-C(0)-. 




m) 


R5-S02.(CH2)q-<>C(OK 




n) 


R5-(CH2)n-S02. 




0) 


Z-C(0>CH(0H)-CH(CH2Ri)-C(0)- 


20 


P) 


R5-(CH2)p CH=CH-(CH2)p-C(0K 




q) 


R5(CH2)p CH=CH-(CH2)p-0-C(0), 




r) 


R27(CH2),-C(0)-. 




s) 


(OH)2(0)PO-aryl-(CH2)p-C(0>, 




t) 


(OH)2(0)PO-Het-(CH2)p-C(OK 


25 


«) 


aryI-(W,)j-(CH2)„-Wi-aryI-C(0)-, 




V) 


aryI-Wi-(CH2)„-Wi-(CH2)„-C(OK 




w) 


Het-(CH2)„-Wi.aryl.C(0K 




X) 


Cj-Cg alkyI-CH(OH)-C(OK 




y) 


biotinoyl, 


30 


^> 


biotinoyl-NH-(CH2)q-C(OK or 




al) 


2-((4-(I3aS-(3aof,4iS-6aa)]-lH-thieno-[3,4-d]imidazoIe-2(3H)-on-4yI)-pent-I. 
yl)-Wi-aryI-C(0)-: 



wherein Cg is absent or a divalent moiety of the formula XLj, XL2, XL2a» or other 
amino acyl derivative; 
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«4 h 

XLi 



^6 



K4 CH 



-l-Ll. 



XL, 



10 



IS 



''20 



I 

K CH2 C(0)_ 

XL2a 



CI. 



3 CH, 




20 



wherein D9 is Pro, absent or a divalent moiety of the formula XL3, XI^, XLjjb or other 
amino acyl derivative; 



J-Ll 



"20 



XL, 



-N CH2 C(0)_ 

XL2a 



25 



CH3 cj, 




30 XL2b 

wherein E,o-Fi, is a divalent moiety of the formula XL^;. XLgfc. XL^, XI^j, XL^g. U, ffl, 
IV. XLfip, XLfiq,. XLfiq,, XLfi^, Dq,, V, Vp. yi or Vn; 
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I CH2K1 



HI 



H OH H X 



v. 



H CHjRi 
NH 



II 



H R 



11 



«22 /"23 
\ / 

CH 0 



HO HR R 
XL6C 



11 



»^22 / 



'24 



CH 0 
H2H H H Rjj 



RjCH2 H 

HO BH It 
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10 



15 



20 



25 



30 



35 



wherein Z is 

a) 
b) 
c) 

d) 
e) 

0 
g) 
h) 

i) 
j) 

wherein R is 
a) 
b) 

d) 

wherein R| is 
a) 
b) 
c) 

d) 
e) 

0 

S) 

wherein K2 is 
a) 
b) 

wherein R3 is 

a) 
b) 

d) 
e) 

g) 



-N(R4)Ri4, 
C4-Cgcyclic amino, 

-NH-(CH2), pyridine (j^-oxide), 
Het bonded via a nitrogen atom, 
-NH(CH2)qNH.Het, . . 

1-amino indanyl optionally substituted at the 2- or 3- position by one or two 
hydroxy or OC(0)CH3, 
l-amino-2,3-cyclicmoriophosphatcindanyI, or 
-NH-(CH2)q-CH=CH-(CH2)q-NH-Het; 

-(CH2)n-isopropyI, 
-(CH2)n-lsobutyl, 
-(CH2)n-phenyl, or 
-(CH2)n-C3-C7cycIoalfcyl; 

hydrogen, 

Ci-C5alkyl, 

aryl, 

C3-C7cycloaIkyl, 
-Het. 

Cj-C3aIkoxy, or . 
Ci-C3alkylthio; 

hydrogoi, or 
-CH(R3)R4; 

hydrogen, 
. hydroxy, 
q-Csalkyl, . 
C3-C7cycioa]kyl, 
aryl, 
-Het, 

Ci-C3aIkoxy, 
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h) Ci-C3alkyltbio, or 

i) -0P(0)(0H)2; 

wherein R4 at each occurrence is the same or different as is 

a) hydrogen. 

5 b) Ci-Cjalkyl, 

c) -(CH2)p-aryl, 

d) -(CH2)p-Het, I 

e) -(CH2)p-C3-C7cycloalkyl, or 

f) I- or 2-adaniantyI; 
10 wheremR5is 

a) Ci-CgalkyI, 

b) C3-C7cycloalkyl, 

c) aryl, 

d) -Het, 

^5 e) 5-oxo-2-pyrrolidinyl, 

0 1 or 2-adaniantyl, 

g) -aryl-OP(0)(0H)2. or 

h) -Het-0P(0)(0H)2; 
wherein is 

20 a) hydrogen, 

b) Ci-C5alky!, 

c) -(CH2)p-aiyl. 

d) -(CH2)p-Het. 

e) -(CH2)p-C3-C7cycloalkyl, 
25 0 1- or 2-adaniantyI. 

g) -(CH2)p-aryl-OP(6)(OH)2. 

h) -(CH2)p-Het-OP(0)(OH)2, or 

i) -(CH2)p-OP(0)(OH)2; 
wherem is 

30 a) hydrogen, 

b) Cj-Cjallcyl. 

c) -(CH2)n-hydroxy, 

d) amino Ci-C4a]kyl-, 

e) guanidinyl Cj-C3allcyl-, 
35 f) aryl. 

g) -Het. 
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"7 
ft 


methvlthio 

WCH^Y -C^-Grcvdoalkvl 




n 
J/ 


amino 

111 II 1 IIV, 










V 












Tl^ 
nj 






o) 


-aryi-(jr(OXOH;2, or 




p) 


-Het-0P(0)(0H)2; 


10 


wherein is 






a) 


hydrogen 




b) 


Cj-Csalkyl, 




c) 


hydroxy. 






aryl. 


15 


®) 


-Het, 






guanidinyl C|-C3alkyl-, 




s) 


-(CH2)p-C3-C7CycIoalkyl, or 




h) 


-OP(0)(OH)2; 




wherein Rjo is 




20 


a) 


hydrogen. 




b) 


Ci-C5alkyl, 






"(CH2)nRi5, 




d) 


-(CH2)aRi7t 




e) 


C3-C7cycloalkyl, 


25 




a pharmaceutically acceptable cation, 






-CH(25)-CH2-Ri5. or 




h) 


-CH2-CH(Ri2)-Ri5; 




wherein Rjl is • 


-Ror-R2; 



wherein R|2 is -(CH2)n-Ri3; 
30 wherein R23 is 

a) aiyl, 

b) amino, 

c) mono-, di- or tri-Ci-C3alkyIamino, 

d) -Het, 

35 e) Ci-C5alkyl, 

f) C3-C7CycIoaIIcyl, 
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5 



g) 


C2-C5alkenyl, 


h) 


Ca-C^cycloalkenyl. 


0 


hydroxy, 


j) 


Ci-C3allcoxy, 


k) 


Ci-Cqalkanoyloxy^ 
1 


1) 


mercapto, 


m) 


Ci-Cjalkylthio. 1 


n) 


-COOH, 


0) 


-CO-O-Ci-Cgalkyl, • ' 


P) 


-CCMK:H2-(Cji-C3aIkyl)-N(Ci-C3a]kyl)2, 


q) 


-CO-NR22R26; 


r) 


C4-C7cyclic amino, 


s) 


C4-C7cycIoalkylainino, 


t) 


guanidyl. 


u) 


cyano, 


V) 


N-cyanoguanidyl, 


w) 


cyanoamino. 




(hydroxy C2-C4aIkyl)amino, or 


y) 


di-(hydroxyC2-C4aIkyl)ainino; 


wherein R24 is 




a) 


hydrogen. 


b) 


q-Cioalkyl. 


c) 


-(CH2)^-Rl8. 


d) 


-(CH2)n-Rl9* 


e) 


-CH(R25)-CH2.Rj5. 


0 


KCH2)q-CH(Rj2)-Ri5, 


g) 


(hydroxy Ci-CgalkyI), 


h) 


hydroxy Ci-Cg alkyl-aryl, or 


0 


(C1-C3 alkoxy) CxCg alkyl; 


wherein Rj5 is 






hydroxy. 


b) 


Ca-Cycycloalkyl, 


c) 


aryl. 


d) 


aidno, 


e) 


mono-, dU, or tri<:2-C3aIkylamino. 


0 


mono- or di-(hydroxy C2-C4alkyl)amino, 
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g) 


-Het. 




h) 


Ci-Caallcoxy-, 




0 


Cj-C3alkanoyloxy-, 




j) 


mercapto, 


5 


k) 


Ci-C3aIkylthlo^, ' 




I) 


Ci-Csalkyl, , 




m) 


C4-C7cyclic amino. 




n) 


C4-C7CycIoaIkyIanuno, . 




0) 


Cj-C5alkenyloxy, or 


10 


P) 


C3-C7cycloalkenyl; 




wherein R^g is 








aryl. 




b) 


amino, 




c) 


mono- or di-(Ci-C3allcyI)amino, 


15 


•J) 


hydroxy, 




e) 


C3-C7cycloalkyl, 




f) 


C4-C7cyclic amino, or 




g) 


Ci-C3alkanoyloxy; 




wherein Rj^ is 




20 


a) 


-Het, 




b) 


Ci-C5alkenyl, 




c) 


Cj-Cycycloalkenyl, 






Cj-C3alkoxy, 






mercapto, . 


25 




Ci-C3alkyIthio, 




g) 


-COOH, 




^'^ 


^O-O^i-C^alkyl, 




i) 


-CO-0<H2<Ci-C3alkyI)-N(Ci-C3aIkyl^. 




j) 


-CO-NR22R26, 


30 


k) 


tri-C|-C3alkyIamhio, 




1) 


guanldyl. 




m) 


cyano. 




n) 


N-cyanoguanldyl, 




0) 


Oiydroxy C2-C4aIkyI)amino, 


35 


P) 


di-^ydroxy C2-C4alkyl)amino, or 




q) 


cyanoamino; 
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wherein R|g is 



15 



20 



a) amino, 

b) mono-, or di-(Ci-C3alkyI)amino, 

c) C4-C7cyclic amino, 

d) C^-Cycycloalkylanfino, or 

e) -CH(NH2)(C02H); 
sin Rig is ' 

a) aiyl, 

b) -Het, 

c) tri-C|-C3aIkylamino, 

d) C3-C7cycloalkyl, 

e) C2-C5alkenyl, 

f) Cj-Cycycloalkenyl, 

g) hydroxy, 

h) Ci-C3aIkoxy, 

i) Ci-C3aIkanoyloxy, 
j) mercapto, 

k) Ci-C3alkylthio, 

1) "COOH, 

m) -CO-O-Cj-Cgalkyl, 

n) -CO-0-CH2-(Ci-C3aIkyl)-N(Ci-C3aIkyI)2, 

0) -CO-NR22R26. 

p) guanidyl, 

q) cyano, 

r) N-cyanoguanidyl, 

s) cyanoamino, 

t) (hydroxy C2-C4alkyI)amino, 

u) di-Oiydroxy C2-C4aIkyI)amino, or 

V) -SO3H; 



30 wherein Rgo is 



a) 
b) 
c) 



hydrogen, 
Ci-C5alkyl, or 
aryl-Cj-Cjalkyl; 



wherein R22 is 
35 a) 
b) 



hydrogen, or 
Ci-C3alkyl; 
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. wherein R23 is 

a) -(CH2)a-0H, 

b) -(GH2)a-NH2. 

c) atyl, 

5 d) Ci-CjalkyI, or • 

e) KCH2)„-OP(OXOri)2: , 
wherein R24 is 

a) -Rl. . • 

- . b) -(CH2)n-0H. 

10 c) -(CH2)„-NH2, or 

d) -(CH2)n-OP(0)(OH)2: 
wherein R25 is 

a) -(CH2)n-Ri3. 

b) hydrogen, 

15 c) q-Cjalkyl, or 

d) phenyl-Ci-C3alkyl; 
wherein R25 is 

a) hydrogen, 

b) Cj-Csalkyl, or 

20 c) phenyl-Ci-Cjalkyl; 

wherein R27 is 

a) -COOH, 

b) -COOq-Cg alkyl, 

c) -CONR22R26. 

25 d) -CH(NH2)C00H, or 

e) hydroxy; 

wherein R3Q and R31 togedier rq)resent a trimethylene or tetramethylene group which is 
optionally substituted by hydroxy, alkoxycarbonylammo or acylamino or in which one -CH; 
group is replaced by -NH-, -N(aIkoxycarbonylK -N(acyl)- or -S- or \riiidi carries a fused 
30 : . ^doallcane, aromatic or heteroaromatic ring; 
. wherein Rj2o is 

a) Ri26C[(CH2)qORuiJ2(CH2)q-, . 
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b) 



I 



, (CH0Ri2i)v 



c) 



10 ^ \ . 

0 CH-(CH0R,2,)t 

CH2- 

d) -CH2(CHORi2i)xCH20Ri2i, 
^5 Rl2lOCH2(CHORi2i)yCH-(CHORi2i)^CH20R,2i. 



OH 



20 




-Ch-C (CH-OR12,), 

I 



g) Ri2lOCH2-C(CH20Ri2i)2S 
25 wherein R221 is 

a) hydrogen, 

b) q-Cgalkyl. 

c) -(CH2)n-aryl, or 

d) -C(0)Ri23; 
30 wherein R|23 is 

a) C1-C5 alkyl, or 

b) -(CH2)„^phenyl; 
wherein R226 is 

a) hydrogen, or 

35 b) (CH2)^ORi2i; 

wherein R]2g is 



XXX 



XXXI 



xxxn ,or 
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a) 
b) 



hydrogen, or 
-(CHORi2i)tC3l20Ri2i; 



wherein Q is 

a) 

5 b) 
c) 

wherein W| is 



CH2, 

CHOR121. or 
C(0); 



a) 
b) 



-0-, or 



10 wherein j is zero or one; 

wherein m is one to three, inclusive; 

wherein for each occurrence n is independently an integer of zero to six, inclusive; 

wherein p is zero to two, inclusive; 

wherein q is an integer of one to six, inclusive; 
15 wherein r is zero to five, inclusive; 

wherein s is an integer of zero or one so that the sum of u plus v plus s is three or four; 

wherein t is an integer of zero to three, inclusive; 

wherein u is an integer of zero to three, inclusive; 

wherein v is an integer of zero to four, inclusive; 
20 wherein w is an integer of two or three; 

wherein x is an integer of two to seven, inclusive; 

wherein y is an integer of zero to six, inclusive; and 

wherem z is an integer of zero to six so that the sum of y plus z does not exceed six; 
wherem aryl is phenyl or naphthyl substituted by zero to three of the following: 



25 



a) 
b) 
c) 

^) 
e) 

f) 

g) 

h) 

i) 

j) 

k) 

1) 



Ci-C3alkyl, 
hydroxy, 
Ci-C3alkoxy, 
halo, . 

amino, \ 

mono- or di-C2-C3aIkylamino, 



30 



35 



-CHO, 

-COOH. 

COOR26. 

CONHR26. 

nitro. 



mercapto. 
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10 



20 



25 



30 



35 



m) 


Ci-C3aIkyIthio, 


n) 


Ci-C3all(ylsulfinyl, 


0) 


Cj-Cjalkykulfonyl, 


P) 


-N(R4Ki-C3alkyIsuIfinyI. 


q) 


-SOjH. , 


r) 


SO2NH2. 


s) 


-CN. 1 


t) 


-CH2NH2. 


«) 


-0[(CH2)20JqCH3. " 


V) 


-[CHCH2)2lq-OCH3, 


w) 


-[CKCH2)2Jq-NR22R26. 


X) 


-[CKCH2)2],-Het. or 


y) 


-0-C(0)-Ci-C3 allgrl; 


wherein -Het is 


a 5- or 6-meinbered saturated or 



15 heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur; and including 
any bicyclic group in which any of the above heterocyclic rings is fused to a benzene ring or 
another heterocycle and the ring may be connected through a carbon or secondary nitrogen in 
the ring or an exocydic nitrogen; and if chemically feasible, the nitrogen and sulfur atoms may 
be in the oxidized forms; and substituted by zero to three of the followmg: 



a) 


Ci-C5alkyl. 


b) 


hydroxy. 


c) 


hydroxy (Ci-CjalkyI). 


d) 


halogen. 


e) 


amino, 


0 


amino (Ci-C5allcyl), 


g) 


-CHO, 


h) 


-COjH, 


i) 


-C02-(Ci-C5alkyI), 


j) 


-CONH2, 


k) 


-C0NH-(Ci-C5aIkyl), 


1) 


nitro. 


m) 


mercspto. 


n) 


mercapto (Ci-C5alkyl), 


0) 


-SO3H, 


P) 


-SO2NH2. 


q) 


-CN, 
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r) -0-Ci-C5aIkyl, or 

s) -[0.(CH2)2]q-OCH3; 
and pharmacologically acceptable salts thereof; 
with the provisos that: ^ 
5 1) at least one phosphate group must be present; and 

2) no more than three phosphate groups are present. 

2. Hie compound of claun 1 • ' 

wherein Ejo-Fi i is a divalent moiety of the formula XL5', XLgj,', XL^^.', XL^^', 
10 XLfie'* in'. IV, XI^p'. XLg^', XLe^', XL^^^', n^', V or Vp; 

0 

CH2R1 ij 
H OH H Rji 



0 1^22 .hz 

\T ^CH H 



HE 

NH'' 



H Ri, 




■NH' 

HO H H Rjj 



R. 

CH H 




HjK HH R^j 



HO HH Rjj. 



b 

•^1^2 oh II h^h /h OH 

HO HH Rj, HO HH Rjj 

11^ ni^ 
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H CH2R1 R30/31 _neA^„6cH^ 



S OH 6 



0 

RO_p=o 
I 

OH 



Vp 



wherein the variables are as defined in claim 1. 

10 

3. Hie compound of claim 1 

wherein Xj is 

a) 2-pyridinyl-carbonyI, 

b) 3-pyridlnyl-CH=CH-carbonyl. 
15 c) 3-pyridinyI-(CH2)2-carbonyl, 

d) (3-pyridinyl)methoxycarbonyI, 

e) 2-[2-(2-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl. 
Q (2-pyridinyl)methoxycarbonyl, or 

g) (4-pyridinyl)methoxycarbonyI; 
20 wherein Cg is absent; 
wherein D9 is absent; 

wherein Ejo-Fn is 5-amino-6-cycIohexyM-(0-phosphoryI>2-isopropylhexanoyI or CVP; 
wherein Gy^ is He or absent; 
wherein Z is 
25 a) 2-(aminomethyl)pyridine, 

b) . 2-(ammomethyI)benzimida2ole, or 

c) l-amino-2-hydroxy-indane; 

4. The compound of claim 3 wherein the compound is selected from the group 

30 consisting of: 

N^-[(2S,4S,5S)-5-[N-CZ.Pyrjdinylcarbonyl)amino]-6<y^^ 
isopropyl-l-oxohexyI]-N-(2-pyridinyImetfayI)-L-isoleucinanude, hydrodJoric acid salt or 2- 
Pyridinylcarbonyl-(OPp3H2)CVA-Ile-Amp; 

N„-[(2S,4S,5S)-54N-(2-PyridinyIcarbonyl)amino]-6<yclohexyl^ 
35 isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-I^isoIeucinamide trifluoroacetic acid salt or 2- 
Pyridinylcarbonyl-(OP03H2)CVA-ne-Amp; 



wo 92/17490 



PCr/US92/02238 



10 



-143- 

N„-[(2S,4S,5S>5-(N-I2-(3-Pyridinyl)ethenyI<arbonylIanunol-6-cyclohexyl-4-((^ 
phosphoryl>2-isoptopyI-l-oxohexyl>N-a-pyridinyline%l)-L.isoleucinam^ 
salt or 3-PyridmyI-CH=CH-C(OHOP03H2)CVA-ne-Ainp; 

N„-[(2S,4S,5S>5-IN-I2-(3-Pyridmyl)-ethylcarbonyl]amino]-6s7dohexyI-^^ 
phosphoryl>2-isopropyI-l^xohexylJ-N-a-pyridlnylmethyl)-L-isoleuci^ 
salt or 3-Pyridinyl-(CH2)2-C(OHOP03H2)CVA-ne-Anip; 

Na-[(2S,4S,5S>5-[N-(2-Pyridinylcarbonyl)aininoJ-6-cyclohexyl-4-(a^^ 
isopropyI-l-oxohexyl]-N-(2-benziinidazolyImethyI)-L-isoleuci^^ trifluoroacetic acid salt or 
2Py COCVPneAmb; - • " • 

N-[(2S,4S,5S)-5-IN-[2-(3-Pyridinyl)ethenylcarbonyI]amino]-6-cycIohexyl-4^^ 

phosphoiyI)-2-isopropyl-lK)xohexylJ-N-[(lS,2R)-2-iydroxy-l-indanyl]amme or 3Py 
CH=CHCO CVP Ahi; 

N-[(2S,4S,5S)-5-[N-(2-PyridinyIcarbonyI)amino]-6-cyclohexyI-4-(0-phosphoryl)-2. 
isopropyl-l-oxohexyI]-N-[(lS.2R)-2-hydroxy-l-indanyI]aniine. trifluoroacetic acid salt or 2Py 
15 CO CVP Alii; 

No(-[(2S,4S,5S)-5-[N-[(3-PyridinyI)methoxycarbonyI]amino]-6-cycIoliexyI-4-(0- 

phosphoryl>2.isopropyl-l-oxohexyl]-N-(2-benzimidazoIylmethyl)-L-isoIeucinamide. 
trifluoroacetic acid salt or 3Poc CVP lie Arab; and 

No(-[(2S.4S,5S)-5-[N-[2-[2-I2-(2-Methoxyethoxy)ethoxy]ethoxyIphenylcarbonyl] 

20 amino]-6-cyclohexyl-4-(Oi)hosphoryl)-2-isopropyl-l-oxohexyIJ-N-(2-benziinida20^^^ 
isolaicinamide or Mee CVP lie Amb. 

5. Tbe compound of claim 1 

wherein Xj Is 
25 a) naphthyloxyacetyl, 

b) des-amino-tyrosine (OPP3H2), or 

c) ((5-(3,6,9,12,15-pentaoxa-hexadec-l-yI)oxy)naphthaleB-l-yl)oxyacetyI; 
wherein C3 is absent; 

wherein D9 Is 

30 a) His. 

b) 0-phosphoryI-threonyI, 

c) O-phosphbryl-seiyl, 

d) Thr, or 

e) Val; 
35 wherein Ejq-Fji Is: 

a) 5-amino-6-cycIohexyI-3, 4-0, O-hydroxyphosphoryI-2-isopropyl-hexanoyl, 
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b) 5-ammoHS<yclohexyl-4-hydroxy-2-isopropyl-hexanoyl or CVA, 

c) 5-amino-6-cyclohexyl-3, 4-dihydroxy-2-isopropyI-hexanoyl or CVD, or 

d) 5-ammo^6-cycIohisxyl-4-(0-phosphoryI>-2-isopropylhexanoyl or 
(OP03H2)CVA; 

5 wherein is: 

a) He. I 

b) O-phosphoryl-seryl, or 

c) absent; 
. wherein Z is: 

10 a) 2-(aminomethyl)pyridine, 

b) l-amino-2-hydroxy-indane, or 

c) 2-(aminomethyI)-ben2imidazoIc; 

6. Hie compound of claim 5 wherein the compound is selected from the group 

15 consisting of: 

l-Naphthoxyacetyl-L-histidyl-5S-amino-6-cycIohexyl-3R,4R-0,0-hydroxypho 
phoryl-2R-isopropyl-hexanoyl-L-isoleucyl-2-pyridyImethylamide; 

l-NaphthoxyacetyI-L-histidyI-5S-amino-6-cycIohexyI-4S-hydroxy-2S-isopropyI- 
hexanoyI-O-phosphoryl-L-seryI-2-pyridyImethyIamide; 
20 Noa-OP03K2-Thr-CVA-IIe-Amp; or I-naphthoxyacetyl-O-phosphoiyl-L-threonyl- 

5S-amino-6-cycIohexyMS-hydroxy-2S-isopropyI-hexanoyI-L-isoIeucyl-2-aminomethylpyridine, 
dipotassium salt; 

Noa-0-P03K2-Ser-CVA-Ile-Amp; or l-naphthoxyacetyI-0-phosphoryl-L-seryl-5S- 
amino-€-cyclohexyMS-hydroxy-2S-isopropyl-hexanoyl-L-isoleucyl-2-amino 
25 dipotassium salt; 

DatCO-POjHj^His-CVA-Ile-Amp or 3-(0-phosphoryI-4-OH-phenyI>butyryl-L- 
histidyl-5S-amino-6H:ydohexyl-4S-hydroxy-2S-isopropyI-hexanoyl-L-iso^ 
aminomethylpyridine; 

N„-[(2S,4S,5S)-5-tN.[N„.(l.NaphthaIenyloxy acetyl)-L-histidyI]amino]-6- 
30 cyclohexyl-4-(0-phosphoryl)-2-isopropyl-lH)xohexyl]-N-^i)yridinyta 
trifluoroacetic acid salt or NOA-His-(OP03H2)CVA-IIe-Amp; 

((5-<3,6,9,12, 15-pentaoxa-hexdec-l-yl)oxy)naphthalen-l-yl)oxyaceQl-0-phosphoryl- 
L-threonyI-5S-amino-6-cycIohexyI-3R.4R-<iihydroxy-2R-isopropyl^ 
aminomethylpyridine, dipotassium salt; or 5-PentaegNoa-OP03K2-Thr-CVD-Ile-Amp; 
35 ((5-(3,6,9, 12, 15-pentaoxa"hexdec-l-yl)oxy)naphthaIen-I -yl)oxyacetyl-0-phosphoryI- 

L-threonyl-5S-amino-6-cyclohexyl-3R,4RHlihydroxy-2R-isopropyl-hexanoyl-L-isoleuc^^ 
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aminomethylbenzimidazole, dipotassium salt; or S-Penta^Noa-OPOjKj-Thr-CVD-Ile-Amb; 

((5-0.6.9 J245-pentaoxa-h(adec-l-yI)oxy)naphthaIen-l-yl)oxyacetyl<>-phosphor^^^^ 
I^reonyI-5S-aiiiiiK)^clohexyI-3R,4R-dmydroxy-2R-isopropyl-hexm^^^ 
hydroxy-indane, dipotassium salt; or 5-Penta^Noa-OP03K2-Thr-CVD-Ahi; 

5 0-Mphthoxy)acetyl-Oi)hosphoiyI.I^eonyl-5S-amino^clohexyI-3R,4R- 

dihydroxy-2R-i«MpropyI-hexanoyl-L-isoleucyl-2-aminomethyIpyridme, dipotassium salt^ or Noa- 
OPOjKj-Thr-CVD-De-Amp; I 

(l-naphthoxy)acetyl-Oi)hosphoryl-L-threonyl-5S-amino-6-cydohexyl-3R,4R- 
dihydroxy-2R-isopropyI-hexanoyI-L-isoleucyl-2-amlnomethyIben2imida2oIe. dipotassium salt; or' 
10 Noa-OPOsKj-Thr-CVD-He-Amb; and . . 

(l-naphthoxy)acetyI-0^hosphoryl-L-threonyI-5S-amino-6-cyclohexyl-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyl-lS-amino-2R-liydroxy-iiidane, dipotassium salt; or Noa- 
OPOaKj-Thr-CVD-Ahi. 

15 7. A compound selected from the group consisting of: 

Nof-[(2S, 4S, 5S)-5-[N-(3-Indolymethylcarbonyl)aminoH-cyclohexyl-4-hydroxy-2- 

isopropyl-l-oxohexyI]-N-(2-pyridinylmethyl)-L-isoIeucinamide;or 3-IndolyI-CH2-G(0)-CVA- 
De-Amp; 

Na-[(2S, 4S, 5S>5-[N-C2-IndoIycarbonyI)amino]-6-cyclohexyI^hydroxy-2- 
20 lsopropyl-l-oxohexylJ.N-(2-pyridinyImethyl)-L-isoleucinamide; or 2.IndoIyl-C(0)-CVA-Ile- 
Amp; 

Na-[(2S, 4S, 5S).5-[N-[[2-(3-Indoiy)ediyl]carbonyl]amino]-6-cyclohcxyl-4-hydroxy- 
2-isopn)pyl-l-oxohexyI]-N-(2-pyridinylmetIiyI)-L-isoleucinamide; or 3-IndoIyI-(CH2)2-C(0> 
CVA-IIe-Amp; 

25 Na-I(2S, 4S, 5S)-5-[N-(2-Pyridinylcarbonyl)aminol-6-cydohexyl-4-hydroxy-2- 

isopropyl-l-oxohexyI]-N-(2-pyridinyImethyl)-L-isoleucinanude; or 2-PyridinyI-C(0)-CVA-Ile- 
Amp; 

Na-[(2S, 4S, 5S)-5-(N-(3-Pyridinylmethylcarbonyl}amino]-6-cycIohexyI-4-hydroxy- 
2-isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isolaicinamide; or 3-Pyridinyl-CH2C(0)- 
30 CVA-ne-Amp: 

Nof-[C2S, 4S, 5S)-5-[N-[(S)-AcetoxybenzyImetfaylcari)onyI]afflino]-6-(7cIohexyI-4- 
hydroxy-2-isopropyI-l-oxohexyl]-N-(2-pyridinylmefliyl)-L-isoleuclnamide;or (S)-0-Acetyl-3- 
phenyllactyl-CVA-He-Amp; 

Nof-[(2S, 4S, 5S)-5-(N-(2-(3-PyridinyI)ethenylcarbonylJamino]-6-cyclohexyI-4- 
35 hydroxy-2-isopropyI-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleuclnaniide; or 3-Pyridinyl- 
CH =CHC(OK:VA-Ile-Amp: 
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Nof-[(2S, 4S, 5S)-5-[N-[2-<3-Pyridinyl)ethylcarbonyl)amino]-6-cydoh«^^ 
2-isopropyl-lK)xohexyl]-N-(2-pyridinylmethyl)-I^isoleucinamide or 3-PyridinyKCH2)2-C(0)- 
CVA-IIe-Amp; 

Na-[(2S, 4S, 5S)-5-[N-(4-PyridinylcarbonyI)ainino]-6-cycIohexyI-4-hydro^^ 
5 isopropyl-lK)xohexyl]-N-(2-pyridinyllnethyl)-]>isoleu^ or 4-Pyridinyl-C(0)-CVA-IIe- 

Amp; I 

Na-[(2S, 4S, 5S)-5-[N-(4-QumolmylcarbonylJamino]-6<yclohexyl^^ 
isopropyl-l-oxohexyI]-N-<2-pyridinyImethyl)-L-isoleucii^ or 4-QumoImyl<:(OH:VA-IIe- 
Amp; 

10 Na-[(2S, 4S, 5S)-54N-(3-QuinoIinyIcarbonyI)amino]-6-cyclohexyI-4-hydro^^ 

isopropyl-l-oxohexyI]-N-^-pyridmyImethyl>L-isoIeucih^ or 3-QuinolinyI-C(0)-CVA-IIe- 
Amp; 

Nof-[(2S, 4S, 5S)-5-rN-(3-Pyridinylcarbonyl)araino]-6-cycIohexyl^hydroxy-2- 
isopropyl-lK)xohexyl]-N-p-pyridmylmetfayl)-L-isoleucinamide; or 3-Pyridinyl-C(0)-CVA-Ile- 
15 Amp; 

NQf-[(2S, 4S, 5S)-5-[N-(2-Pyrrolylcarbonyl)mino]-6-cycIohexyl^ 
isopn)pyl-lK)xohexyl]-N-<2-pyridinylmethyl)-L-isoIeucinamide; or 2-PyrroIyl-C(0)-CVA-lle- 
Amp; 

Nof-[(2S, 4S, 5S)-5-[N-(y-L-GlutamyI)amino]-6-cydohexyI-'^hydroxy-2-isopropyl-^ 
20 oxohexyI]-N"(2-pyridinylmethyI)-L-isoleucinamide. trifluoroacetic acid salt; or 7-GIutamyl- 
CVA-ne-Amp; 

No^[^, 4S, 5S)-5-[N-(Succinoyi)amino]-6<ydohexyl-4-hydroxy-2^^ 
oxohexyl]-N-<2i)yridmylmethyl)-L-isoleucinamide, trifluoroacetic acid salt; or HOiCiCH^- 
C(0)-CVA-Ile-Amp; 

25 Nar-[(2S, 4S, 5S)-5-[N-(2-Pyridinylcarbonyl)aminoI-6-K:yclohexyl-4-hydro^^ 

lsopropyH-oxohexyl]-N-(2-(2, 4-diamino^pyrimidinylamino)ethyl]-L-isoleucinaraide; or 2- 
Pyridinyl-C(OK;VA-ne-NH(CH2)2->ffl-2,4-dian^ 

No^[(2S, 4S, 5S)-5-[N-(y-L-Giutaryl)amin6]-6<ydo^^^ 
oxohexylJ-N-(2-pyridinylmethyI)-I^isoleucii^ trifluoroacetic acid salt; or H02C(CH2)3- 
30 C(0)-CVA-ne-Amp; 

Na-[(2S, 4S, 5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cydohexyW^^^ 
. isopropyI-l^xohexyl]-N-[2-(2^yridihylamino)ethyI)-I^i^ or 2-Pyridinyl-C(0)- 

CVA4Ie-^ffl(CH2)2-^^^-2.pyrinidiny^; 

Hydroxyacetyl-5S-amino-€-pydohexyl.3R,4R-dihydroxy 
35 isoleucyl-2-pyridylmethylamide; or (Hb)Ac-CVD-Ile-Amp; 

L-Glycyl-5S-amino-6-cydohexyl-3R, 4R-dihydroxy-2R-isopropyI-hexanoyl-L- 
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isoleucyl-2-pyridylmetfayIainide: or Gly-CVD-IIe-Amp; 

HydroxyacetyI-5S-amin<)-2R-ben2yI^dohexyI-3R.4R-dihydroxy-hexanoyI-L^ 
isoIeuq'l-2i)yridylmethyIainide; or CHO) Ac-CPD-De-Amp; 

HydroxyacetyI-5S-ainino-2R-ben2yI-6<ydohexyI-3R. 4R-dihydroxy-hexanoyl-L. 
5 isoleucyl-2-pyridyImediylainldeN-(|ride;or(HO)Ac-CPD-ne.Ainp-NO; 

L-GIycyl-5S-ainino.2R^)enzyI-6^cIohexyI-3R, 4R^Iihydroxy-hexanoyl-L-isoleucyI- 
2-pyridylmethylamide; or Gly-CPD-IleJAinp; 

l-Adammtanecarbonyl-SS-anuno^dohexyl-SR, 4R-<llhydroxy-2R-isopropyl- 

hexanoyl-L-isoleucyl-2-pyridylmethylainide; or l-Adamantanecarbonyl-CVD-Ile-Amp; 

10 CycIohexanecarbonyI-5S-amino^dphexyI-3R. 4R^ihydroxy-2R-isopropyI- 

hexanoyI-L-isoleucyI-2-pyridyImethyIainide; or Cydohexanecarbonyl-CVD-IIe-Ainp; 

3R-Qumudidineaminocarbonyl-5S-aminowS-cydohexyl-3R, 4R-daydroxy-2R- 

isopropyI-hexanoyI-L-isoIeucyl-2i)yridyImethyIamlde:or3R-Quinudidinemin^ 
He-Amp; 

15 3S-QumudidmeaininocarbonyI-5S-ainino-6-cydohexyl-3R, 4R-dihydroxy-2R- 

isopropyI-hexanoyI-L-isoleucyI-2i)yridylmcthyIamide;or3S-Quinudidineam^ 
ne-Ainp; 

N-(4-QuInoIInyl)oxyacetyl-5S-aniino-6-cydohexyI-4S-hydroxy-2S-isopropyI- 
hexanoyl-I^isoIcucyl-2-pyridylinethyIaiiiide;or(4-QuinoIinyI)oxyac^^^ 
20 N-(5-Quinolinyl)oxyaceJyI.5S-amino-6-qrdohexyl-4S-hydroxy-2S-isopro^^ 
hexanoyI-L-isoIeucyl-2.pyrid^methyIaimde; or (5-QuinoIinyI)oxyacetyI-CVA-Ile-Amp; 
Ac-CVA-IIe-8-aminoquinolme; 
Hexanoyl-CVA-IIe-Amp; 
Ac-CVA-VaI-Anq»; 
254 Ac-CVA-Ile-aniiiiometliyl-benzunidazole: 

Na-[(2S,4S,5S>5-[N-[2-(3-PyridinyI)ethenyIcarbonylJamino]-€<ydohexyI^ 
hydroxy-2-isopropyI-l-oxohexyl]-N-I2-(2i)yridinyIanuno)ediyl>l^leuci^^ or 3Py 
CH=CHCO CVA He m(CH^2^ 2Py: 

N£t-[CK,4S^S)-5-[N-(2-PyridinyIcarbonyI)aiiifao]-6Hgrdohe^^ 
30 isopropyl-l-oxohexyl]-N-(2-benzirntdazolylmethyl)-L-isoleudnamlde; or 2Py CO CVA He 
Amb; 

Na-r^,4S,5S)-5-(N-(2-PyridmyIcaibonyl)aniino]-6-cydohexyI-4-hydroxy-2- 

isopropyl-l-oxohexyI]-N-Ip-hydroxy-2-phenyl)ethylJ-L-isoleucIiianude; or 2Py CO CVA He 
Hpa; • 

35 Na-[(2S,4S,5S>5-[N-I2-(3-PyridinyI)ethenylcarbonylIaininoJ-6-<qrdohexyI^ 
hydroxy-2-isopropyl-l-oxohexyI]-N-(2-benziintdazolylinethyl>L-isoIeudnainide; or 3Py 
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CH^CHCOCVAneAmb; 

NoK(2S,4S,5S)-5-[N-[(3-Pyridmy0methoxycarbonyl]am 
2-isopropyl-l-oxohexyIl-N-C2-benamidazolylmethyI)-I^^ or 3Poc CVA He Amb; 

N-[(2S.4S^S)-5-[N.[2-(3-Pyridiny0ethenyIcarbon^ 
. 5 2-isopropyl-l-oxohexylJ-N-[(lS,2R>2-iydroxy-l-indanyl]amme; or 3Py CH=CHCO CVA Ahi; 
Na-[(2S,4S,5S)-5-[N-[(4.PjddjnyI)metfaoxyc^^ 
2-isopropyI-lK)xohexyI]-N-(2-ben2imi(iica)IyImethyl^^ or 4Poc CVA He Amb; 

Nc^[(2S,4S,5S)-5-[N-C2-I»yridinylcarbonyl)amm^^ 
- isopropyl-l-oxohexyI]-N.[4-[(3-nitrO:2i)yridinyl)a^ 
10 COCVAHeNpb; 

NQ^[pS,4S,5S)-S-[N-(2-PyridinylcarbonyI)aminoI-^ 
isopropyl-lK)xohexyI]-N-[4-r(3-aramo-2-pyridinyl)ammo]-^^ or 2Py 

COCVADeApb; 

Naf-[pS,4S,5S)-5-[N-r(2-Pyridinyl)methoxycarbonyIJamino]-6-^^^^ 
15 2-isopropyI-l-oxohexyll-N-(2-benzimidazolyImethyI)-L-isoleuc^^ or 2Poc CVA He Amb; 
Na-[pS,4S,5S)-5-[N-(2-PyridinylcarbonyI)amino]-6^^ 
. isopropyI-l-oxohexyl]-N-[2-[(3-nitro-2-pynMinyl)amin 
CVAHeNpe; 

. Na-[(2S,4S,5S>5-[N-(2-PyridinyIcarbonyI)amino]^^ 
20 isopropyl-lK)xohexyl)-N-(2-[(3-amm(>-2-pyridmy^^ or 2Py CO 

CVA He Ape; 

N-[^S,4S,5S>5-[N-<2-PyridmyIcarbonyl)aimno]-6-<ycIohexyI-^ 
isopropyM-oxohexyI]-N-[(lS,2R>-2-acctoxy-l-indanyI]anime; or 2Py CO CVA Aai; 
N-IC2S,4S,5S>5-[N-C2-Pyridmylcarbonyl)ainino]^^ 
25 isopropyI-lK)xohexyl]-N-[(IS,2R>2-*ydroxy-l.indanyI]amfae; or 2Py CO CVA Ahi; 
N-(ps,4S.5S)-5-[N-(2-Pyrid%IcarbonyI)anunoJ-6^ 
isopropyl-l-oxohexylJ-N-(4-r(3-nitro-2-pyridinyl)aininoJ-2-but^^^ or 2Py CO CVA 
Npb; 

N-[(2S,4S,5S>5-[N-[(3-Pyridinyl)methyoxycarbonyI]am 
30 2-isopropyl-lK)xohexylJ-N-[(lS.2R).24ydroxy-l-indanylIami^ or 3Poc CVA.Ahi; 
N-[(2S,4S,5S>5-[N-[(2-Pyridmyl)raethoxycarbonyI]aminoJ-^^ 
2-isopropyI-lK)xohexyI].N-[(lS,2R).2-hydroxy-l-indany^^ or 2Poc CVA Ah\; 
/erM}Utyloxycarbonyl-5S-amirib-6-<ycIohex^^ 
j threonyl-2-aminometfaylpyridine; or Boc-iVA-Tir-Anip; 
35 /^rf-butyloxycarbonyl-5S-aniiri{)-6-(7cIoh^^^ 
seryl-2-aminoinethyIpyridine: or Boc-CVA-Ser-Amp; 
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2-acetoxyben2oyl-SS-amino^clohexyl-4S-hy^ 
isoleucyl-2-anuiiomethylpyridine; or Acb-CVA-Ile-Amp; 

2-hydroxybenzoyI-5S-amin(>^dohexyMS-hydroxy-2S-^^^ 
isoleucyI-2-aimnomethylpyridine; or Hyb-CVA-De-Amp; 

5 2.[P-phcnoxy)ethoxy]ben2oyl.5S-ainmo^clohexy^^ 

isopn)pyI-hexanoyl-I^isoIeacyI-2-aiiL)me^^^ or Peb-CVD-ne-Amp; 

Na[(2S,4S^S)-5-IN-p-p-I2J(2-methoxycthoxy)ethoxy]^ 
carbonyllamino]-6<ydohexyl-t-hydn)xy-2-k^^ 
L-isoleucinamide or Mee CVA He Arab; • ' 
10 2-[(2i)henoxy)ethoxy]benzoyl-5S-amino-6-cyclohexyI-3R^ 

isopropyI-hcxanoyl-I^isoleucyl-2-aminomethylben2im^ or Peb-CVD-Ile-Amb; 

2-[(2^henoxy)ethoxy]benzoyI-5S-amino-6<ydoh«cyI-3R,4R-da^^ 
isopropyl-hexanoyl-L-isoleucyl-rm-butylraethylamine; or Peb-CVD-IIe-Tma; 

2-[(2-phenoxy)ethoxy]benzoyl-5S-amino^ydohexyl-3R,4RKlft 
15 isopropyl-hexanoyl-2-aimnomethyIbenzimida2ole; or Peb-CVD-Amb; 

4-methyl-2-[(2.phenoxy)ethoxy]benzoyI-5S-amino-6<^ 
kopropyI-hexanoyI-L-isoleucyI-2-aminomethyIben2iinida2o^ or Mpb-CVD-Ile-Amb; 

2-[^hcnylthio)methoxy]benzoyl-5S-amino-6-cydohw^^ 
isopn)pyI-hexanoyl-L-koIeucyl-2-ammomethyIbenri or Ptb-CVD-Ile-Amb; 

20 3-[(2.phenoxy)ethoxy]propionyI-5S-amino-6s:ydohexyl-3R,4RKlihydr^ 
isopropyI-hexanoyI-L-isoleucyI-2-aminomethyIbenzimida2ole; or Pep-CVD-Ile-Amb; 

2-p-<2-<2-methoxy)ethoxy)ethoxy)ethoxy]ben2oyI-5S-amino^yd^^ 
dihydroxy-2R-isopropyI-hexanoyl-L-isoleucyl"2-minomethyIbenrim or Mee-CVD-IIe- 

Amb; 

25 2-[p-methoxy)ethoxy]benzoyl-5S-amino-6-cydohexyl-3R,4R-da^^ 

isopropyIJiexanoyI-I^isoleucyI-2-aminomethyIben2imidazole; or Meb-CVD-IIe-Amb; 

2-P-(2-methoxy)edioxy)ethoxy]benzoyI-5S-amm 
isopropyl-hexanoyI-I^isoIeucyl-2-aminometfaylbenzimida»^ or Mtb-CVD-IIe-Amb; 
2-[(2^henoxy)ethoxy]bOTK)yl-5S-amino-6<ydohexyl-4S-hydr^^^ 
30 hexanoyI-I^isoleucyl-2-aniinomethyIben2imidazoIe; or Peb-CVA-IIe-Amb; 

hydroxyacetyl-5S-amino-6<ydohexyl-4S-hydroxy-2S-kopro^^^ 
2-aminomethylbenzimidazole; or Hydroxyacetyl-CVA-IIe-Amb; 

2-hydroxy-3-methylbutryl-5S-amino-6-<ydohexyl-4S-hydroxy-2S-^^^ 
L-isoIeucyl-2-aminomethyIbenzimidaz6le; or Hmb-CVA-He-Ainb Qt&s polar isomer); 
35 24iydroxy-3-methylbutryl-5S-amIno-6KydohexyI-4S-hydroxy-2S-^^ 

L-isoleucyl-2-aminomethylbenzimidazole; or Hmb-CVA-Ile-Amb (more polar isomer); 
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3-(4*ydK))QT)henyI)-buqrryI-5S.amino^ 
hexanoyl-L-isoIeucyl-2-animomethyIpyridine; or Dat-CVA-Ile-Ainp; 

4Jiydn)xyphenylace(yl-5S-amin()-^dohexyl^-^^^ 
isoleucyI-2-aminometfayIben2imidazoIe; or 4-Hpa-CVA-Il6-Ainb; 
. 5 24iydroxyphenylacetyI-5S^ainino-^dohexyMS*^^ 
isoleucyl-2-ammomethyn)en2imidazoIe; pr 2-Hpa 

3-hydroxyphenylacetyI-5S-ammo-6-cydohexyMS-hydroxy 
isoIeucyI-2-aminomethyIben2imidazoIe; or 3:Hpa-<:VA-II^ 

3-(4-hydroxyphenylHutyryl-5S-amino-6HydohCT^^ 
10 hexanoyl-I^isoleu(^l-2-aminomethylben2imlda20l^ or Dat-CVA-He-Amb; 
3<4-hydroxyphenyO-butyryI-5S-ammo-6-cydohexyH^^ 
hexanoyI-lS-amino-2R-hydroxy-indane; or Dat CVD-Ahi; 

2-((3-(4-(3,6,9-trioxadec-l-yloxy)phenyI)prop-l-yl)oxy)ben2oyl-5^^ 
cydohexyl-37?,4/?sIihydroxy-2R-isopropyl-hexanoyI-I^isrf 
15 2-[p-phenoxy)ethoxy]benzoyl-5iy-amino-€-<ydohexyl-3/?,4i^^ 
hexanoyI-L-isoIeudnyI-l-aminoethyl(4-methylthiazoIe); 

2-C2-(4-methyIthia20I-5-yI)ethyl)oxy)ben2oyl-5^-amino-^^^^^ 
dmydroxy-2R-isopropyl-hexanoyl-I^isoleucmyl-2aminomethylpyridinej 
2-(2-(4.methylthiazoI-5-yl)ethyl)thio)be^^ 
20 dihydroxy-2/?-isopropyl-hexanoyI-I^isoIeudnyI-2anunomethyIpyrW 
2.(2-(4-methyItfaiazoI-5-yI)ethyl)oxy)benzoyl-55^^ 
dihydroxy-27f-isopropyI^exanoyI-I^isoleudnyI-l-aminoethyI(4m^^ 

2-(2^4-metfaylthiazol-5-yI)cAyl)thio)b 
dihydroxy-2R-isopn)pyl-hexanoyI-L-isoIeudnyI laniinoethyl(4-methyIthia2oIe); 
25 2<(4-(PaS'-(3aff,4/J.6aa)l.l^r^^ 
yI)thio)benzoyI-5iS'-amino-€<ydoh«cyM^^ 
ainino-2-(4-methylthia2ol-5yI)ethane; • 

2-((4-(PaS-(3aof,4iS,6aa)]-lfli&^^^ 
yl)o3gr)beiizoyl-5 j-amino-^dphexyl-3K,4i?-d^ 
30 aminomctfaylpyridine; 

4-a3aS'-((3aof.4A6aof)Ha^ienoP.4-flinu^ 
3if,4R-^ihydroxy-2R-hopropyl.hexanoyl-i^fcoleuc^^^ or Biotinoyl- 

CVD-I1&-AMP; 

. 4-([3aS'-C3atf,4i?,6aa)Hi^diieno[3 
35 amino-6<ydohexyI-3J?,4;?-dihydroxy-2R-IsopropymexanoyI-W^ 
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aminomethylpyridine; or Biotinoyl-Aminoheatanoyl-CVD-Ile-AMP; 

2.[ai)henoxy)ethoxyIben2oyN5I-amiiio-2W>enqrl-3J?.4J?H^^^ 
octanoyl-L-isoIeocinyI-2-ammomethyIpyridine; or Pep-LFD-De-Amp; 
2.t(2i)heiu)xy)ethoxy]bcim>yI-554uiuiio-25^)ei^^^ 
5 octanoyI-L-isoleucinyl-ainmo-2-(4-m^ylthiazol-5-yl)etfa^ 

2-[(2i)henoxy)ethoxy]bemoyl-5S'-ainino-2^^enzyl.3;?.4;?^^ 
octanoyl.L.isoI<»cbyI.2-amiaomethylbeil2imldaM^ or Pep-LFD-ne-Amb; and 

2-((3-(4K3A9^rioxadec-I-yloxy)phenyI)prop-I.yl)oxy)beiBoyl.5^ainto 
3J?,4/?Hlihydroxy-7-methylH)ctanoyl-W-ainin6-2«hydroxy-indane. 

10 

8. A compound selected fpora the group consisting of: 

l-naphthoxyacetyl-L-histidyl-5S-amino^dohexyl-4S-hydroxy-2S-isopropyI- 
hexanoyI-L-lhreonyI-2-amlnomethyIpyridine; or Noa-Hls-CVA-nir-Amp; 

l-naphthoxyacctyl-I^valyl-5S-aniino^cIohexyMS-hydroxy-2S-isopropyI- 
15 hexanoyl-L-seryI-2.amlnomediylpyridine; or Noa-Val-CVA-Ser-Amp; 

l-naphthoxyacetyI-L-valyl-5S-amino-6^gfcIohexyMS-hydroxy-2S-isopropyl- 
hexanoyl-L-threonyl-2-aminomethyIpyridme: or Noa-Val-CVA-Thr-Amp; 

l-iiaphthoxyacctyI-L-thrconyl-5S-amino-^clohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyI-L-isoleucyl-2-aminomethylpyridme; or Noa-Thr-CVA-IIe-Amp; 

20 J-Mplithoxyacetyl-L-seryI-5S-amfno-6<ycIohexyMS-hydroxy-2S-isopropyI- 
hexanoyl-L-isol«icyl-2-anunoniethyIpyridine; or Noa-Ser-CVA-ne-Amp; 

methoxycarbonyl-D^roIyl-5S-aniino^cIohexyWS-hydroxy-2S-isopropyl- 
hexanoyl-L-isoIeuqrI-2-anunomethyIpyridine; or Moc-D-Pro-CVA-ne-Amp; 

/m-butyIoxycarbonyl-I^rplyI-5S-amino^cIohexyI-4S-hydroxy-2S-isopropyl- 
25 hexanoyl-L-isoleucyl-2-aminomethylpyridme;orBoc-Pro-CVA-ne-Amp; 

methoxycarbonyI-Li)roIyI-5S-amino-6-cydQhexyI-4S.hydroxy-2S-isopropyl. 
hexanoyl-L.isoleucyl-2.aniinomethyIpyridine; or Moc-Pro-CVA-IIe-Arop; 

Acetyl-Li)rolyl-5S-aniino-6^:yclohexyMS-hydroxy-2S-isopropyl-hexanoyl-L- 
isoleucyl-2-aminomethylpyridme; or Ac-Pxo-CVA-He-Amp; 

30 l-MPli«faoxyacetyl-Wistidyl-5S-aniino^dohexyMS-hydroxy-2S-isopropyl- 
hexanoyI-lS-aniino-2R*ydroxy-fadan^- or Noa-His-CVA-Ahl; 

l-naphthoxyacetyI-^hist^dyl-5S.am^no^dohexyl.3R,4RKIfllydroxy-2R-isopIopy^ 
hexanoyl-lS-aniino-2R4ydroxy-mdane;; or Noa-His-CVD-Ahi; 

^naphftoxyac^^^tIlreonyi.5S-a^l^no^dohexyl-3R.4R-dihydroxy-2R-isopropyI- 
35 hexanoyI-L-isoleu(grI-2-aminomethyIbeiizimldaa)le; or Noa-Thr-CVD-IIe-Amb; 

l-naphthoxyacetyl-I^eryI-5S-amino-6sqrcIohexyI-3R,4R-dihydroxy-2R-isopropyI- 
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hexaiu)yl-I^isoleucyI-2-aminomethyIbenzinudazole; or Noa-Ser-CVD-Ile-Ainb; - 
l-naphthoxyace^l-I^omoseryI-5S-amino-^-cydohexyMS-hydioxy-2S 
hexanoyl-I^isoIeu<yl-2-aminomefliylpyridine; or Noa-Hsr-CVA-He-Amp; 
l-n2phthoxyacetyl-I^threonyl-5S-ammo-6-cydohexyI-3R^^ 
•5 hcxanoyHS-ainino-2R-*ydroxy-indalie; or Noa-Thr-CVD-Ahl; 

l-naphtiioxyacetyl-I^dyI-5^-aimno-6-<7clohexyl-3R,4R 
hexanoyl-IS-ammo-2R-hydroxy-indane; or Noa-Ser-^IVD-Ahi; 

l-naphthoxyacetyl-L"histidyI-5S-Mnino-€<^ydohexyI-3R,4R-^ 
hexanoyl-lS-amino-2R-hydroxy-izidane; or Noa-His-CVD-Ahi; 
10 4-morphoIinecarbonyI-I^vaIyI-5S-amJno-6Kydohexyl-4^ 

hexanoyI-L-isoIeucyl-2-anunomethylpyridme; or Moiph-Val-CVA-De-Amp; 

acetyl-L-valyl-5S-amino-6-cydohexyI-4S-hydroxy-2S"isopropyl-hexanoyI-I^^ 
2-aminomethylpyridine; or Acetyl-Val-CVA-He-Amp; 

l-naphthoxyacetyl-N^methyl-L-histidyl-5S-ammo-6-cyd 
15 isopropyl-heranoyl-L-isoleucyI-2-aininoraethylpyridine; or Noa-N'^^methyl-His-CVA-He-Ainp; 
3-(4-hydroxyphenyl)-butyryI-L-hisddyl-5S-amino-6-cydoh^^^ 
isopropyl-hexanoyl-L-isoIeucyI-2-aininomethylpyridine; or Dat-His-CVA-Ile-Amp; 

5-OH-I-naphthoxyacetyl-L-hisddyI-5S-amino-€K:ydohexyMS-hydroxy-2^ 
hexanoyI-L-isoIeucyI-2-aminomethylpyridine; or 5-0H-N0A-His-CVA-II&-Amp; 
20 3-(4-hydroxyphenyl>butyryI-L-valyl-5S-amino-6<ydohexyl-4S-hydroxy-2S- 
isopropyl-hexanoyl-]>isoleucyl-2-ammoracthyIbenzimldazoIe or Dat-Val-CVA-IIe-Amb; 

l-naphthylenyloxyacetyl-I^asparagmyl-55'-ammo-6-<ydohex^^ 
isopropyl-hexanoyI-L-isoIeudnyI-2-aininomctfayIpyridine; or Noa-Asn-CVA-He-Amp; 
l-naphthaIenyloxyacetyI-I^vaImyl-5iy-ammo-6-<y 
25 hexanoyI-L-isol6UcmyI-2-aminoineAy]pyridine; or Noa-Val-CVA-Se-Amp; 

((5-(3,6,94rioxa-dec-l-yI)oxy)naphthaIen-l-yI)oxyacetyI-I^as^ 
. <ydohe3cyl-45'-hydro3cy-2S'-isopropyl^exanoyl-L-isoleuc^ or 5-Trieg- 

Noa-His-CVA-De-Amp; 

((5-(3,6,9*ioxa-^ec-I-yI)oxy)naphthaIen-l-yl)oxyacetyI-L-aq^ 
30 cydohexyl-4^-hydioxy-25-isopn)pyl4exanoyl-L-isoleu^ or 4-Trieg- 

Noa-His-CVA-ne-Amp; 

((5-(3,6,9-trioxa-Klec-l-yI)oxy)naphthaI-l-yl)oxyace^l-L-valin^^ 
cydobexyl-4J-*ydroxy-25-is6propyl4iwcanoyI-I^IsoIeucinyI^ or 5-Trieg- 

Noa-Val-CVA-He-Amp; 
35 ((4-(3,6,94rioxa-dec-l-yl)oxy)naphthalen-l-yl)oxyace!yl-I^vaIin 
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cydohexyl-4i?4iydroxy.25-isopropyl4iexanoyl^^^^ or 4.Tricg- 

Noa-Val-CVA-Ile-Amp; 

((5K8-ammc>-3.6-dioxaK)a-I-yl)oxy)naphthalen-l^^^ 
cycIohexyI-3«,4i?-daydroxy-2/?-hopn)pyftexanoyl^ 
5 ((^-(8-triittethylammmyI-^,WioxaK)ct-l-yl^^^ 
55-amin<)-6HgrdohexyI-37?,4;?-dihydroxy-2/Hsop^^ 
aminomeftylpyridine iodide; ' 

naphthalcne-Z-sulfonyl-L-histidinyl-SJ-aminc^^ 
hexanoyl-L-isoleucinyl-2-aminoinethylpyridme; 
10 4-a3a5'-0aa.4iJ.6aof)l.Iff4ieno[3,4^imida2olyI)pen 
cydohexyl-32f,4/?^ihydroxy-2R-isopropyttaanoyl-^^^ 
Biotinoyl-Val-CVD-Ile-AMP; 

naphthalene-2-sulfonyI-I^valinyl.55-amino-25'-benzyI-3/?,4/f-dih^^ 
octanoyI-L-isoleucinyl-2-aminoinethylpyridine; 
15 l-naphthyIoxyacetyI-L-histidinyl-55'-amino-25'-ben2y^ 

octanoyI-L-isoIeucinyl-2-aminomediyIpyridine; or Noa-His-LFD-Ile-Amp; 

naphthalene-2-sulfonyl-I^asparaginyl-5^-amino-25-ben2yl.3^^ 
octanoyl-L-isoleucinyI-2-aminomethylpyridine; 

naphthalene-2-suIfonyl-L-valinyl-S^-amino-23'-<(2-phenyl)c^^ 
20 7-methyl-octanoyl-L-isoIeudnyl-2aminoinethyIpyridme; 

naphtbalene-2-sulfonyl-L-Ieucinyl-55'-amino-25'-ben^ 
octanoyl-L-isoleucinyl-2-aminomediyIpyridine; and 

(l-naphthoxy)acetyl-Ixhreonyl.SS-aimno-6H:ydoh«^^ 
iospropyl-hexanoyl-l^isoleucyI-2-aininomethyIpyridme; or Noa-Th^ 

25 

9. A compound of the formula I 

X1-C8-D9-E10-F11-G12-2 I 

wherein Xi is X2.[(CH2)2-0]„-aryI-O^CT2)a-C(Ok 
wherein X2 is 

30 a) H3CO-, 

b) (R4)2N-, or 

c) Het; 

wherein m is five or six; *• 
wherein n is zero to sue. indusive; 
35 wherein Cg is absent; 
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wherein D9 is Aemoiety XL3; 

^ 'I ' II 

■ XL3 . 

- . wherein Ejo-Fn is the moiety XLg or II; 
10 

.11 /hob S 

H 01 H Kjj 




BO HH Rjj 



wherein is absent or is tlie moiety XL4; 

I ' II 

wherein Z is 
25 a) -N(R4)2.or 

b) -NHX3; 
wherein X3 is ' 

a) -(CH2)a-Het. 

b) -(CH2)n-aryl, or 

^ 1-a^oindanyl optionally substituted at the 2- or 3- position by one or two 

hydroxy or -0C(0)CH3; 

wherein aryl is phenyl or naphthyl; 

wherein -Het is a 5- or 6-membered saturated or unsaturated rteg contaimng from one to three 
heteroatoms selected ftom the group cohsistmg of nitrogen, oxygen, and sulfiir; and including 
35 any bicydic group in which any of the above heterocyclic tings is fused to a benzene ring or 
another heterocycle and the ring may be connected through a carbon or secondaiy nitrogen in 
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the ring or ah exocyclie nitrogen; 





wberdn R| is 






a) 






b) 


C3-C7 cydoall^I, or 


5 


c) 


Ci.C5alkyl: , 




who^in K4 is 




a) 


hydrogen, or 1 






q-Cjalkyl: 




wherein Kj is 


• 


10 


a) 


hydroxy, . . 




b) 


Het, or 




c) 


C1-C5 alkyl substituted by zero to three hydroxy; 




wiierein Rg is 




a) 


Ci-Cjallcyl, 


15 


b) 


Het, or 




c) 


aryl; 




wiierein is 






a) 


-(CH2)a- phenyl. 




b) 


-(CH2)n-C3-C7 cydoalkyl, or 


20 


c) 


C1-C5 alkyl; 



and phannacologically acceptable salts thereof. 



10, The compound of claim 9 selected from the group consisting of: 
((5-(3,6,9,12,I5-pentaoxa4iexadec-I-yI)oxy)naphthaIen-lyI)ox 
25 5«nino^clohexyl^-hydroxy-25isoprDpyI-hcxano or 
5-Pentaeg-Noa-His-CVA-Ile-Amp; 

((5H[3,6.9,12J5,18-hexaoxa-nonadec-l-yl)oxy)naphthalen-^ 
5S'.aminoH6^clohexyl^.hydroxy-2Sisopiopyl-lie^^ 
or 5-Hexaeg-Noa-His-CVA-IIe-Amp; 

((5:(3,6,9. 12, lS-pentaoxa4iexadec-l.yl)oxy)naphthaIen-lyl)oxyacetyl-L-histidinyl^^^^ 
amino-6-cyclohexyI-3/?,47?-dihydroxy-2/!isopropyI4iexM 
aminomethylpyridine; or 5-Pentaeg-Noa-H!s-CVD-IIe-Amp; 

((5-<3,6,9,12J5-pentaoxa4exadec-l-yl)oxy)naphthaIen-IyI)oxya^^^ 
amino-6-cyclohexyI- 3/?.4/?-dihydroxy.2/?isopn)pyl-hexanoyI-L-isoIeucinyI-2- 
35 aminomethylpyridine; or 5-PentaegNoa-VaI-CVD-Ile-Amp; 

((5-(3,6,9, 12, 15-pentaoxa-hexadec-l-yl)oxy)naphthalen-lyI)oxyacctyl-L-valinyI-5^- 
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ammo-6s7clohexyl-3/?.4i?-<iihydroxy-2i?isopropyl-he^ 
hydroxy-indane; or 5-PentaegNoa-VaI-CVD-Ile-Ahi; 

((5-(3,6,9t 12, 15-i)exitaoxa4iexdec-l-yI)oxy)DaphthaleiJ-l-yI)oxyaceQ^ 
ainino-6Kyclohexyl-3I^4R-dihydn)xy-2R-isopn)pyl4ie^ 
5 ammomethylpyridine; or 5-PentaegNo'a-Thr-CV^ 

((5-(3,6,9,I2,15-pentaoxa-hex(fec-l-yl)oxy)n^htM 
amm(>-6-cycIohexyl-3R,4RHiihydroxy-2R-isopropyl-^ 
aminomethylbenzimidazole; or S-PentaegNoa^-Thr-CVD-lle-Ainb; and 

((5-(3,6,9,12, 15-pentaoxa-hexdec-l-yl)oxy)naphtfaalen-l-yI)oxyacetyI-I>threonyW^^ 
10 ammo-6-cyclohexyI-3R,4R-dihydroxy-2R-isopropyI-hexanoyM 
. 5-PcntaegNoa-nir-CyD-AhL 
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